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PREFACE 


B roadcasting has now such a definite place in the 
daily lives of all sections of the community, and is so 
greatly relied upon for entertainment and instruction, 
that it is impossible to contemplate with equanimity any break- 
down in the system. A general cessation of broadcasting is 
fortunately an event of extreme improbability, but a breakdown 
in a receiver is by no means uncommon and to its owner it is 
just as disastrous. 

The repairing of receiving equipment has consequently 
become an important section of the wireless industry. The 
growing standard of * performance which is demanded of 
receivers, and their resulting complexity, necessitate a higher 
degree of skill on the part of the repairer than ever before, and 
a degree of skill which will certainly not grow less with the 
passage of time. Radio Servicing is thus becoming a highly- 
specialized profession, and the days of the self-styled “ experts 
with no real knowledge of radio technique are for ever gone. 

The location of a defect in a commercially-produced receiver, 
the initial adjustments of a home-constructed set, and the 
testing of experimental apparatus all call for the application of 
service principles. Familiarity with these principles is not 
alone sufficient, however, and the proper testing gear is also 
necessary, together with an adequate understanding of wireless 
phenomena. Speed and certainty in the diagnosis and treat- 
ment of receiver ailments come only with experience. Methods 
can be taught, however, and to approach a problem correctly is 
half way to the solution. 

The immediate concern of this, book is with purely servicing 
problems — with the location and cure of the hundred and one 
defects which can develop in a receiver and its associated 
equipment. The choice of suitable testing gear is briefly 
discussed, however, for this is a matter of considerable im- 
portance upon which it is not always easy to obtain unbiased 
information. No attempt has been made to treat wireless 
theory or to explain the mode of operation, save in one or two 
isolated cases where the circuit is so new that an adequate 
description is unlikely to be found in any standard textbook. 

Those who lack the necessary understanding of basic prin- 
ciples are recommended to acquire it from a good textbook, 
and even with the most elementary knowledge of mathematics 
it is possible to gain suflScient acquaintance with theory for all 
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‘service matters. Although mathematical ability may be 
essential to the designer, it is not to the service engineer. 
* Excellent .as they, may be, however, textbooks are not sufficient 
> to Enable IjkqT ^ keep up-to-date, for in wireless, invention 
'^C9(Beds •it{vei^on so rapidly that it is possible to remain 
a«H^i^^dth current developments only by the regular perusal 
of one'orm’ore reliable technical journals. 

In compiling this book, the author’s aim has been to describe 
those methods which he has himself found to be the most 
suitable for the location of defects. The arrangement of 
material, however, is one of symptoms ” rather than 
defects ”, since he believes that this makes the book handier 
for reference ; and with this same end in view particular 
attention has been paid to the index. In this 8th edition 
no sweeping changes have been made for the very good reason 
that the book deals largely with the principles of receiver 
servicing, and principles do not change. Some descriptions 
of obsolete apparatus have been deleted and tables of valve-base 
connections are no longer included. 

When this book first appeared information about valve-base 
connections was not always readily available and it was felt that 
its inclusion would ser\’e a useful purpose. It is, however, now 
very generally available from other sources. 

Throughout the book the technical terms used have been 
revised in accordance with current usage. The condenser of 
yesterday has become the capacitor of to-day and the picofarad 
(pF) has replaced the micro-microfarad f/x/xF). It is thought 
that this, even if it seems a minor matter, does help considerably 
in the ease of reading, for we are all more slaves of fashion than 
we always realize. 

Chapter 26, Television Receivers, has been completely 
re-written, for although this' book does not profess to cover 
television servicing, it is thought that an introduction to it 
should be provided. 

Dorset House, W. T, Cocking 

Stamford Street, 

London, SH.i. 
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CHAPTER 

TESTING EQUIPMENT 

APID and efficient servicing demands 
proper tools. They 


R apid and efficient servicing demands the use of the 
proper tools. They are neither many nor unduly 
expensive, but they are essential to all who seek to place 
their profession on a profitable basis. It is in many cases 
quite possible for the expert to locate defects in receivers and 
to repair them satisfactorily with but little apparatus ; yet 
much time is wasted, and time is a very important factor in 
any organization of servicing on a commercial basis. 

The apparatus should be of good quality. Reliability and 
ruggedness are of the first importance, and a laboratory standard 
of accuracy is unnecessary. The service man should be able 
to take d.c. measurements of voltage within 4 : 5 per cent 
from I volt to at least 600 volts, and current with the same 
accuracy from 0 5 mA to i ampere; for a.c. work, voltages 
between 2 volts and 1,000 volts will be encountered, but current 
measurements are not often required. He must be able to 
check the values of resistors to within ± 10 per cent for 
values between i ohm and at least 2 megohms, and the values 
of capacitors betv^^een 50 pF and 4 [xF, He must have a 
modulated test oscillator and output meter and such tools as 
pliers, screwdrivers, wirecutters, soldering-iron, and so on. 

Although a range of different voltmeters and milliammeters 
is extremely useful and enables different measurements to be 
made simultaneously, a multi-range a.c. and d.c. voltmeter 
and milliammeter, which may also be combined with an 
ohmmeter, is just as useful for most service work. Instruments 
of this nature are available commercially at reasonable prices, 
but when selecting one care should be taken to see that the 
resistance of the voltmeter is high. It is, however, quite easy 
to construct such an instrument around a . single low-range 
milliammeter. If this course is adopted, a moving-coil milli- 
ammeter of good quality should be obtained, and it will pay to 
buy as good an instrument as one can afford. The diameter 
of the scale should not be less than some zh in, and the meter 
should give full-scale deflection for a current of not more than , 
I mA. 

The connection of a suitable resistance in series with such a 
meter will convert it into a voltmeter, and since the meter 

I 
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resistance is negligible compared with the added resistance for 
ail ranges normally required, the necessary value of added resis- 
tance in ohfns equals the voltage required for full-scale deflection 
niultiplied by i,ooo, assuming the full-scale current is i mA. 

. The connections for a three-range voltmeter with resistance 
values are shown in Fig. i.i : such an instrument has ranges of 
0-10, 0“ioo, and 0-1,000 volts with an internal resistance of 
1,000 ohms per volt. If accurate resistors are used, no calibra- 
tion is needed, and it is only necessary to multiply the meter 
reading by 10 for the o-io volts range, by 100 for the 0-100 
volts range, and by 1,000 for the 0-1,000 volts range to obtain 
the correct voltage. For most purposes it will suffice to buy 
wire-wound resistors accurate within i i per cent, and these 
can be obtained quite reasonably, for most makers can supply 
resistances of this accuracy for a small extra charge. A power 




TESTING EQUIPMENT 


rating of i watt is 
adequate, and the 
90o,ooo-ohms resistor 
should be made up of 
several of lower value 
connected in series. 

A multi-range milli- 
ammeter can be built 
with the same basic 
instrument in several 
different ways. One of 
the best is shown in 
Fig. 1.2. The meter is 
shunted by a resistor 
having a value such that 
the meter reads full-scale for a current of lo mA ; tapping 
points are then selected so that full-scale deflections for 
loo mA and i,ooo mA (r ampere) are obtained* The 
total value of the shunt resistance should be one-ninth of the 
meter resistance. This is usually about loo ohms, so that 
the shunt should be about 1 1 ohms, but as the meter resistance 
is rarely accurately known, the value of the shunt must be 
determined experimentally, as also must the tapping points, 
with the aid of another meter. 

The subject of making such gear is not one which 
can be entered into here, but it may be said that it is 
quite possible to 
make an a.c. volt- 
meter and milliammeter 
out of the same basic 
meter by adding a 
suitable metal rectifier. 

The whole apparatus 
can be combined in 
one case with switches 
to make the necessary 
circuit changes and a 
multi-range d.c. and 
a.c. voltmeter and milli- 
'ammeter obtained. 

Since the response is 
usually good up to lo 
kc/s it can also be used 
as an output meter. 
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The Ohmmeter 

The ohmmeter is equally easy to deal with, for basically it is 
nothing more than a voltmeter and suitable battery. Suppose, 
for instance, that the voltmeter (resistance i,ooo ohms per volt) 
is set on the lo-volts range and a battery of exactly lo volts is- 
connected in series with one of its leads. Save that it is un- 
calibrated, the gear is then an ohmmeter. It will read full-scale 
if the external circuit has zero resistance and read nothing if it 
has infinite resistance. When the circuit has the same resistance 
as the meter, 10,000 ohms, the meter will read half-scale. 

Calibration for different resistance values is readily obtained 
either by calculation or by the insertion of known values. In 
practice, however, ohmmeters are somewhat more complex, but 
only because means are incorporated for compensating for 
variations in the battery voltage. 

Although the ohmmeter is an exceedingly useful piece of 
equipment it is rarely very accurate, for even when correction 
is applied the falling battery voltage introduces some error, and 
the scale is an awkward one, being very cramped for high 
resistances. The ohmmeter thus finds its greatest application 
in continuity testing and in the rough measurement of 
resistance. For more accurate work a bridge is advisable. 

In general testing it is exceedingly important to have means 
of checking capacitance, for components having an internal 
open-circuit or wrongly-marked values are by no means 
unknown. With an a.c. meter it is possible to devise a method 



Group of Muirhead precision components. The resistors and 
capacitors have a I per cent tolerance 0/1 value 
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of measuring capacitance which is similar to the ohmmeter for 
resistance. It is not a very satisfactory method, however, for 
it necessitates an a.c. supph% which may not always be available, 
and it is only reasonably accurate with large values of 
capacitance. The bridge method is far better. 

Inexpensive bridges for resistance and capacitance measure- 
ments are commercially available, and constructional details of 
a simple bridge are given in Appendix 3. This instrument 
will give direct readings of both resistance and capacitance 
over the wide range of 10 pF to 10 juF and 10 ohms to 
10 megohms. 

The measurement of inductance is much more difficult. It 
is rarely required to check a.f. inductances in sertdcing, but 
it would undoubtedly be useful to have a method of measuring 
the inductance of tuning coils. Unfortunately, however, 
accurate methods are essential for these and measurements are 
of little value unless they can be relied upon to at least ± i per 
cent. A good inductance bridge is much more expensive than 
the equipment which will serve for capacitance tests and it is 
hardly portable. 


Essential Test Oscillator 

Although an inductance bridge may be something of a 
luxury, a test oscillator is almost essential. It should cover 
the range of 0-1-25 Mc/s at least and be accurately calibrated, 
particularly over the band of 420-500 kc/s, within which the 
intermediate frequencies of most superheterodynes lie. It 
should be well screened and its output should be adjustable 
over a w-ide range — 100 fiV to i V, and the minimum is better 
10 fiV or less. It should be modulated and arranged so that 
the modulation can be switched on and off at will. The type 
of oscillator which is fitted with separate coils is usually to be 
preferred to that which relies upon harmonics for a wide 
tuning range. 

The test oscillator is used mainly to provide a known signal 
for ganging purposes, and quite a simple one can be satisfactory* 
The most important points to look for are the accuracy of the 
frequency calibration, an adequate range, of output, and an 
absence of reaction of the output control upon frequency. 
This last point is particularly important and one in which the 
cheapest oscillators often fail badly. Its importance will be 
realized when it is remembered that in ganging a set it is usually 
essential for a whole series of adjustments to be made at a 
single frequency. As the adjustments are carried out the gain 
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of the set varies, and the output of the test oscillator has to be 
altered to suit it. Clearly, then, it will not be satisfactory if 
this alteration of the output changes the frequency. 

One must, however, be realistic and recognize that complete 
freedom from the effect is unlikely to be found in anything but 
expensive equipment. In practice, it w^ill normally suffice if 
the frequency does not change by more than i part in i,ooo 
for the whole range of output. For a change in output below 
I mV, the change of frequency should not exceed x part in 
10,000. Fortunately, in practice, the greatest alteration of 
frequency is usually found for changes of output near the 
maximum. 

For laboratory and experimental work, as distinct from 
repairing, a standard signal generator is much better than a 
test oscillator, but is much more expensive. The two instru- 
ments are essentially similar and the signal generator is really 
a highly refined test oscillator. It is much better screened 
and it contains meters which enable a known depth of modula- 
tion to be used and a known r.f. output to be applied to the 
attentuator. The attentuator is accurately made and gives a 
known attenuation. 



TESTINC EQUIPMENT 

The signal generator, therefore, is essentially a measuring 
instrument providing a modulated r.f. output of known 
amplitude, frequency and depth of modulation. The test 
oscillator gives the same kind of output but neither the r.f. 
output nor the depth of modulation are known with any degree 
of accuracy. Of course, there are all grades of both instruments , 
and a low grade signal generator may be almost indistinguishable 
from a first-class test oscillator. 

For use with the test oscillator an output meter is very 
desirable, but not essential. It consists basically of an a.c, 
voltmeter of the rectifier type with a transformer. Some 
instruments have a tapped transformer so that the meter 
impedance can be matched to the valve, but a fixed ratio is 
sufficient for general tests, although not for accurate measure- 
ments. 

Before concluding, some mention should be made of cathode- 
ray equipment, the use of which is described in a later chapter. 
In the author’s view its value for broadcast receiver servicing 
is often overrated. It can at times be extremely valuable, but 
most of the routine testing can be done equally well without it. 
For television receiver testing, however, it is almost essential, 
for it is exceedingly difficult to check time-bases and sync- 
separator circuits without one. It is, too, almost a necessity 
for any serious laboratory work. 

With a ganging-oscillator attachment, it is a very great help 
in aligning over-coupled i.f. circuits. Such circuits can be 
adjusted without it, but if many have to be done cathode-ray 
ganging equipment will soon repay its cost in the time saved. 



CHAPTER 2 


CURRENT AND VOLTAGE TESTING 

T here are two general testing methods which reveal 
90 per cent of the usual faults in a receiver with certainty 
and rapidity : these are voltage and current tests and 
resistance checks. Practically any defect which results in the 
receiver being inoperative, or of very low sensitivity, or which 
causes distortion, can easily be located in this way. 

Properly carried out, particularly when comparative data is 
available, such tests are so informative that they should be made 
a routine procedure. In the case of commercial receivers most 
manufacturers supply a table with their service instructions 
shovring the correct voltages and currents at the various points 
of the set. 

When such tables are at hand it is obvious that discrepancies 
in a few readings immediately show the portion of the receiver 
in which the fault lies and so greatly restrict the area over 
which a search must be made.' The same certainty does not 
exist, of course, in cases where no definite figures are available 
for comparison, but it is usually possible to judge whether the 
conditions are reasonably normal or not. If a practice be made 
of taking a complete series of readings on every set which 
passes through one’s hands, moreover, one soon accumulates 
the data necessary for servicing other sets of the same make, 
even in the absence of adequate service data in the maker’s 
booklet. 

The true voltages on a valve are those existing between the 
cathode and the other electrodes, but it is usually much more 
convenient to measure, not these true voltages, but the voltages 
on all the electrodes from a fixed point of reference, the chassis. 
Whether or not the readings are the actual voltages will depend 
on the grid bias arrangements, ignoring for the moment the 
question of the load of the meter. 

Referring to Fig, 2.1, the chassis is shown by the earth symbol, 
for it is usually earthed. In the case of the arrangements of 
(b) and (c) the true anode and screen voltages are obtained with 
the negative of the voltmeter joined to the chassis and the 
positive terminal to the appropriate point on the valve. To 
me^ure grid bias, however, it is necessary to connect the 
positive meter terminal to the chassis, for the bias is negative 
with respect to the cathode. In nearly all practical cases, it is 

8 
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useless to attempt to measure the grid bias at the grid of the 
valve, and it is in fact dangerous from the point of view of 
valve^ life to attempt to do so. The resistance of the grid 
circuit of most valves is so high that the connection of any 
ordinary meter to the valve grid will reduce the bias actually 
applied to the valve to perhaps one-tenth of its normal value, 
and it is obvious that this is likely to prove harmful to the 
valve. The grid bias, therefore, must be measured at its 
source and not on the v^ve. In Fig. 2.1 (^r) the voltage across the 
bias battery should be checked ; in (b) the voltage across the 
bias resistor must be measured with the voltmeter joined 
betw^een negative h.t. and the chassis. 

Cathode-Bias Resistors 

When dealing with receivers in which cathode-bias re- 
sistors are used (a ) , and they are probably the majority, the 
negative terminal of the meter can be left connected to the 
chassis, for all voltages are positive with respect to this point. 
The grid bias is now the voltage between chassis and cathode, 

9 
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and although it is usually listed as the grid voltage it is much 
better and clearer to call it the cathode voltage. 

The voltage measured between anode and chassis is easily 
seen to be not the true anode voltage but the sum of the anode 
and cathode voltages. The difference is usually insignificant, 
except in the case of output valves, for the anode voltage is 
usually 150-250 volts and the cathode voltage is rarely greater 
than 0*5-3 volts, unless a manual volume control operating on 
a variable-mu valve is used. Apart from these exceptions, the 
difference between the true anode voltage and that measured 
from the chassis is negligibly small, and is often less than the 
permissible error in the meter. 

In the case of many output valves, however, it is important 
to distinguish between the two figures. With a PX4 valve, for 
instance, the true anode voltage might be 250 volts and the 
grid bias — 33 volts. Taking all measurements from the 
chassis, therefore, the cathode (filament in this case) would be 
+ 33.y0lts and the anode + 283 volts. The difference is even 
gi^e^ter^-wifh. some of the larger power triodes, for the grid bias 


’:ma^ be loo^vplts or more. It is obvious that much confusion 
fpay arise if ^care is not taken to distinguish between the two 
‘‘'methods ‘of measurement. 


Variable-Mu Valve 

, A sfiijila;:,,case arises with a variable-mu valve having a 
nianua^.oMme control of the types shown in Fig. 2.2. Volume 
is controlled by varying the grid bias applied to the valve, and 
in each case it is really the cathode voltage which changes. 
At (a) the cathode voltage is a minimum when the slider of the 
potentiometer is nearest the earth line, and at (b) when the 
variable resistance is a minimum. Measurement will then 
indicate normal voltages, perhaps 200 for the anode and 80 for 
the screen grid. When the volume control is set for weakest 
volume, however, the apparent potential of the anode may be 
250-300 volts and that of the screen grid 120 volts or so. The 
cathode, however, may be 30-40 volts positive with respect to 
the chassis so that the true anode and screen voltages are the 
apparent values less the cathode voltage, and the rise in voltage 
is much less marked than it appears. 

It should, of course, always be remembered that no voltmeter 
of the current-consuming type ever indicates exactly the voltage 
existing in the circuit when the voltmeter is absent ; it only 
shows the voltage existing while it is connected. This is due 
to the fact that the voltmeter itself consumes a certain amount 

10 
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of power which must be supplied by the circuit to which it is 
connected. In order that the readings may be reasonably 
accurate in circuits not having a good voltage regulation it is 
necessary, therefore, for the resistance of the meter to be high 
compared with that of the circuit across which it is connected. 

If the voltage at a point of poor regulation — the anode 
voltage of a resistance-coupled valve, for instance — is measured 
by two different voltmeters of different resistances, the readings 
will not be the same. The lower resistance meter will show 
the lower voltage. It will be understood, of course, that if 
both meters were simultaneously connected to the circuit, they 
would read alike, but their indication would be less than that 
given by either alone. 

It will be clear therefore, that, to be of certain help in 
diagnosing faults in a receiver, the voltage readings must be 
properly interpreted. Absolute reliance can be placed upon 
them only when there is knowledge of the indications which 



Fig. 2.2 :Two methods of manual volume control are employed with variable*mu 
valves ; at (a) a potentiometer controls the cathode voltage, and at (b) the same 
effect is secured by a variable resistance 
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Fig. 2.3 : When measuring the anode 
current of a valve it is wise to include 
the milliaiTtmeter at a point of low 
a.c. potential, generally between the 
decoupling resistor Ri] and the h.t. 
line 


in taking measurements in the 
average receiver are only likely 
to be misleading at certain points, 
since the errors introduced are 
unlikely to exceed about lo per 
cent and variations between 
components and valves may 
easily cause such a discrepancy 
without seriously affecting the 
performance. The serious errors 
occur only in circuits of poor 
regulation and it is then easy to 
check in a different manner. 

Using the Milliammeter 

Current measurements do not 
suffer from the same tendency 
to inaccuracy, for, although the 
meter must consume some 
power, in practically every wire- 
less circuit its resistance is 
negligible in comparison with 
the circuit resistance. Current 
measurements, therefore, can be 


relied upon absolutely, the sole 
limitation being the accuracy of the meter itself. In 
practice, the only precautions which it is necessary to take are 
to see that no current flows through the meter other than that 
which it is desired to measure, and to make sure that its intro- 


duction to the circuit does not cause instability. 

The milliammeter must be included in series with the circuit, 
so that it is somewhat more troublesome to use than a voltmeter. 


Referring to Fig. 2.3, the meter can be inserted at any convenient 
point bet\\"een positive h.t. and the anode of the valve, and at 


whichever point it be inserted the reading will be the same. 
Where possible, however, it is wise to include the meter between 


the decoupling resistor Ri and the h.t. line, for although 
the current is the same in all parts of a series circuit, the leads 
to the meter may introduce instability in certain circuits if the 
meter be included at other points. Instability, of course, is 
likely to cause a big change in the anode current of the valve 
and so render the reading useless. 

In general testing, however, it is often inconvenient to 
include the meter in the theoretically correct position, for it 
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Fig, 2,4 : A split-anode valve adaptor Isa valuable 
asset to the measurement of anode current, and 
to prevent its promoting instability a capacitor 
should be wired between grid and cathode 


involves the identification 
of the decoupling resis- 
tor, the unsoldering of 
the lead to one end of it, 
and the insertion of the 
meter. With valves 
having a top-cap anode 
terminal, it is obviously 
much simpler to insert 
the meter between the 
valve terminal and the 
lead itself, while w’hen the 
anode is brought out to 
a pin in the valve-base, 
the use of a split-anode 
valve adaptor enables the 
meter to be connected 
without disturbing in any 
way the wiring of the set- It is consequently very easy and 
speedy to take readings of anode and screen currents. It must 
be remembered, however, that since the meter is connected 
directly to the valve anode, its presence may introduce 
instability. 

No trouble is usually found in a.f, circuits, and a split- 
anode adaptor can be used with impunity in all ordinary 
apparatus. In the case of r.f. and i.f. stages, how^ever, it is 
another matter, and to prevent oscillation, it is a wise plan to 
short-circuit the coil in the grid circuit of the valve. The 
tuning capacitor should not be short-circuited since in many 
cases this would alter the grid bias on the valve. As an alter- 
native to the short-circuit, a capacitor of o*ooi or so could 
be connected between grid and chassis so that the input circuit 
is widely mistuned and instability made most unlikely. 

The most convenient course is to mount such a capacitor 
on the adaptor itself, wired between grid and cathode, so that 
its insertion becomes automatic, and this is showm in Fig. 2.4. 
Although the adaptor is unnecessary when taking anode current 
readings with screen-grid valves having top-anode connections, 
being then used only for screen current, it should still be 
employed and the leads from it shorted in order that the 
grid-cathode capacitor may remain in circuit. 

In the days when most valves had the B4 or B5 base the 
use of adaptors for current testing was widespread. The 
method has now fallen into disuse, however, because of the 
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large number of different bases. There are now the B4, B5, 
B7, B7G, B8A, B8B. 10, IMO, B9, B9A and B9G. 

Even the provision of eleven adaptors would not be sufficient 
for the anode and screen pins are not the same for all the valves 
fitting a given holder. Several hundred adaptors might well be 
needed to cater for all possibilities. 

When it can be used, however, the method is a convenient 
one. It is still practicable to adopt it in cases where equipment 
including only a limited number of valve types is handled. 



The Ferranti A.C. Test Set : similar equipment is available for d.c. 
measurements 
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CURRENT AND VOLTAGE TESTING 

A rough check on anode current can be obtained when the 
valve is a triode by measuring the cathode voltage (that is, the 
voltage across R3 in Fig. 2.3) and dividing the figure by the 
value of the resistor in kilohms. The result is the current in 
mA. The method is only accurate if the resistance of the meter 
is high compared with the bias resistance and the latter is 
known accurately. 

When using this method the resistor should always be 
checked roughly with an ohmmeter otherwise it can be mis- 
leading. The voltage may be about normal and so one may 
assume that the current is about normal too. But the resistor 
may have gone high '' and the current may in fact be very 
low. 

With multi-electrode valves the current as computed in this 
way is the total cathode current. 
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CHAPTER 3 

THE INTERPRETATION OF METER READINGS 

T he great advantage of voltage and current testing is that 
in many cases it leads one by a very short path to the 
source of the trouble. The first step, of course, is to 
check the voltages on all the valves of the receiver, and the 
currents passed by their anodes and screen-grids. Often it 
will be found that in one or two places the meter readings are 
markedly different from the correct ones, and it may then be 
possible to cut short the procedure and investigate the circuits 
of the valve concerned straight away. 

In general, however, the figures should be tabulated, and it 
is convenient to have a standard set of forms for this purpose. 
In this way full data on the receiver are available for reference 
at any time and are useful not only in the event of that particular 
s.et developing a fault at a later date, but also w'hen one has 
another receiver of the same ty^e for repair. Moreover, if one 
has many sets of the same model to service and a careful record 
be kept of the defects and periodically examined, the commonest 
fault is soon revealed and often leads to a short-cut in in- 
vestigating those models. 

Having obtained a set of figures for a receiver, it is necessary 
to interpret them correctly if they are to be of v^ue. Suppose 
that both voltages and currents are below normal throughout 
the receiver, what does this mean ? It is at once obvious that 
the most probable cause is a defective rectifier valve, if the set 
be of the a.c. or a.c./d.c. type, or a run-down h.t. battery with 
a battery set. In the latter case, however, the defect should 
have been found earlier, for in testing a battery set the first 
thing to do is always to check the batteries under load. 

Reverting to the mains set, if the rectifier is not at fault, low 
output can be due only to subnormal voltages on the secondaries 
of the mains transformer, or to a low-resistance leak in one of 
the smoothing capacitors. • The mains voltage will have been 
checked during the general testing and if it is low may account 
for the trouble. Do not forget to check that the mains are 
connected to the correct tappings on the primary. 

If the mains voltage is low, it is tempting to correct for it by 
altering the connections to the transformer, but it is hardly safe 
to do so. Low mains voltage usually occurs when the house is 
a considerable distance from a sub-station, and is due to the 
voltage drop in the cables. This voltage drop varies with the 
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current and is likely to 
be at its greatest on a 
winter evening when 
there is a big consump- 
tion for lighting and 
heating. In the daytime, 
however, the load may 
be small, and the voltage 
drop negligible. The 
voltage is then often 
above the nominal 
voltage, for the supply 
at the sub-station is 
usually somewhat higher 
than the nominal voltage 
in order to compensate 
for the loss in the cables. 

In cases of very bad 
regulation, 240 - V 
mains may deliver a 
supply at as much as 



Fig. 3.1 : A typical circuit of mains equipment, 
showing the points at which measurements of 
alcernating voltage should be taken 


260 V in the daytime and as little as 215 V at night. In general 
the fluctuations should not exceed the limits of i 4 per cent 
but are actually often much greater. It can be seen that the 
wide fluctviations sometimes found render it unsafe to com- 


pensate for low voltage by altering the tapping on the mains 
transformer primary, for abnormally low voltages usually mean 
wide variations and a correspondingly high voltage at other 


times. 


The Mains Equipment 

If the mains voltage is correct, the mains transformer 
secondary voltage should be checked wdth an a.c. meter. The 
total r.m.s. voltage across the h.t. secondary rarely exceeds 
1,000 V even with large output stages, and can consequently 
be measured with a meter having a slightly higher full-scale 
reading, such as 1,200 V, by connecting it across the full 
winding (points CD, Fig. 3.1). Care should be taken to use 
thoroughly insulated test prods for the terminations to the 
meter leads. 

If the meter does not read high enough for this measurement, 
each half of the winding can be checked separately by connecting 
the meter first to CE and then to DE, and adding the figures 
to obtain the full voltage. Ideally, the voltages across the two 
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halves of the winding should be the same, but in practice they 
may differ slightly. 

The filament voltage of the rectifier should be measured with 
the meter connected at AB, directly to the filament legs of the 
valveholder, in order to allow for the drop in the connecting 
leads. In modem sets it is usually either 4 or 5 V according 
to the type of rectifier valve, but in old sets voltages of 7-5 V 
and 5 *5 V w^ere often used. Although the alternating voltage is 
small, do not forget that the filament of this valve is anything 
up to 500 V more positive than the chassis, and connect the 
meter wdth care. 

Now if the voltages throughout the receiver are abnormally 
high, but the currents about normal or somewhat low, the 
most probable cause is low heater voltage on the valves and 
this should be checked by connecting an a.c. voltmeter to the 
valve-heaters themselves. If the voltages are low, check the 
output of the mains transformer (FG, Fig. 3.1) and if this is 
correct the trouble obviously lies in the connecting leads. 

When the transformer gives an output of 4.V and the valves 
require 4 V, the connecting leads should not be of thinner 
wire than No. 16 gauge or its equivalent in stranded wire. 
Even with this gauge, an appreciable drop will occur if there 
are many valves. In commercial sets, therefore, the secondary 
voltage is often made slightly greater than 4 V to allow for the 
drop in the wiring. The lower current taken by modern 
6*3-V valves has greatly eased matters, and specially heavy 
conductors for the heater wiring are rarely necessary with such 
valves. Incidentally, the accuracy of the position of the 
centre-tap can be checked by measuring the voltages across the 
two halves (FH, GH, Fig. 3.1) — they should be equal. 

When interpreting the figures for a receiver, the most im- 
portant thing to remember is that a high anode voltage should 
be accompanied by a high anode current if all is in order in 
the particular circuit to which the figures apply. In the case 
of pentodes and screen-grid valves, however, the anode current 
is not greatly affected by the anode voltage, but is very dependent 
on the screen potential, a high voltage at this point leading to 
a marked increase in anode current. 

Cathode Bias 

When cathode bias is used, however, the increase in anode 
current will not be proportional to the rise in anode voltage. 
Thus, suppose that when investigating an output stage the 
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valve is found to have an anode potential (anode-cathode) of 
300 V and it passes a current of 55 mA, whereas the correct 
figures are 250 V and 48 mA. The probability is that there 
is nothing wrong with this stage and that the unusual operating 
conditions are due to the output of the mains equipment being 
unusually high. 

This is easily seen by running over the possible faults and 
their symptoms. If the valve had lost its emission or its 
filament voltage were low, the anode current would be below 
normal ; this would mean a smaller load on the mains equip- 
ment, and the anode voltage would consequently be normal to 
extra high, depending on the h.t. regulation. If the bias 
resistor had increased its value, the same thing would happen, 
but the cathode voltage would also be high. Similarly, a 
failure of the grid bias supply to reach the grid of the valve 
would result in a heavy anode current with a low anode voltage. 
If this defect were in the grid circuit of the valve, the cathode 
volts would also be high, whereas if it were due to th^ bias 
circuit they w^ould be low. 
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Checking the A.F. Amplifier 

The matter is probably most clearly seen from Fig. 3.2, 
which shows an a.f. amplifier embodying both resistance and 
transformer coupling. The first step is to measure the anode 
and cathode voltages of Vg from the earth line E, and the 
difference between them gives the true anode-cathode voltage ; 
then check the anode current. If any abnormality cannot be 
explained by the voltage of the h.t. line being high or low, the 
trouble must lie in V3 or its immediately associated circuits. 

Check the value of the bias resistor Rg with an ohmmeter, 
or from the voltage and current readings, R (in ohms) = Volts 
across R/Current through R in amperes. If the resistance is 
too low, the resistor itself may not be at fault, but the by-pass 
capacitor C7. If all is in order, short-circuit the a.f. trans- 
former secondary. If this brings things back’ to normal an 
open-circuit in the transformer secondary should be suspected 
and the winding checked for continuity with an ohmmeter. 
Should it be found continuous, the trouble is probably parasitic 
oscillation, and grid and anode stopping resistors should be 
inserted. 

The Previous Stage 

In the previous stage, the possible faults are greater in 
number but just as easy to determine. Suppose the check on 
the valve conditions reveals low anode voltage and current. 
The trouble cannot then be due to V2 itself, for although low 
heater voltage or a loss of emission would cause low anode 
current, it would make the anode voltage abnormally high. 
The voltage at the junction of the coupling and decoupling 
resistors Rs and R4 should be checked, therefore. If it is 
nearly the full line voltage, the trouble is an open circuit in 
R 5, but if it is below normal a leak in C4 or C5 should be 
suspected. 

In this connection, it should be remembered that if C 4 is an 
electrolytic capacitor it is normal for it to pass a slight current, 
up to about I mA. Should the anode voltage b® practically 
zero, but some voltage be present at the junction of R4 and R5, 
a short-circuit in C5 is almost certain, but if the voltage at 
both points is zero, then the short-circuit is in C4. 

When the anode current is high, however, but the anode 
voltage low, the trouble lies in the grid or cathode circuits. 
The cathode circuit is exempt from suspicion if it is found 
that the product of the bias resistance R, (in ohms) and the 
anode current (in amperes) equals the measured cathode voltage, 
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Approximate agreement is good enough, for the measured 
voltage may be somewhat below the true value owing to the 
load of the voltmeter. If the measured voltage is very low% 
check R7, Ce, and the heater-cathode insulation of the valve. 
It is useless to do this last with the heater cold. When the 
cathode circuit is found to be correct, short-circuit the grid 
leak Rg. If the currents and voltages then become normal, 
the trouble is a leaky capacitor C2. 

A very^ small leak in such a capacitor can completely upset 
the conditions of the following valve. Thus suppose that Vi 
operates with an anode potential of 100 V and that Rg is 
0*25 MO, Then a leak of 20 MO in C2 will result in the grid 

of V 2 being ^ '24 V positive with respect to the 

earth line. If the cathode potential of V 2 is 3 V, the true grid 
voltage with respect to the cathode will be not — 3 V, but 
I -24 — 3 = — I -76 V only. An internal resistance lower than 
20 MO in C 2 will naturally result in a still low^er effective grid 
bias on V2, and it may become positive instead of negative. 

Grid Circuit Conditions 

The grid circuit conditions can always be checked by shorting 
the grid directly to the source of bias, in this case by shorting R«. 
If there is a change of anode current, then it is certain that 
there is current flowing in the grid circuit ; either the valve 
itself is passing grid current due to incorrect operating voltages 
or to its being defective, or some other circuit is causing a 
current to flow through the grid circuit. 

It is readily seen that where resistance-coupling is used before 
the output valve, any leak in the coupling capacitor may 
seriously damage the output valve and possibly the h.t. rectifier 
as well, for all anode circuit components are of fairly low 
resistance and a very heavy anode current may flow. For 
this reason, the coupling capacitor to the output valve is some- 
times of the mica-dielectric type. Damage to the valves 
is unlikely through this fault in earlier stages, for the early 
valves have high resistance anode circuits which limit the 
possible anode current to a figure which the valve can easily 
withstand. 

The valves employed in r.f. and i.f. stages are usually of 
the screened pentode type. With these the rules for circuit 
testing are in no way different from those applicable to the 
triode, save that it must be remembered that with all such 
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valves operating under normal conditions the screen potential 
exercises a much greater effect upon the anode current than 
does the anode voltage. In the case of screened-tetrodes the 
screen current is a very variable quantity, and one specimen 'may 
pass two or three times the current of another equally good one. 

Sometimes, too, the screen-current is reversed, or negative, 
without the valve being in any way defective. Pentodes are 
more consistent and the negative current effect is rarely, if 
ever, found ; the screen current is higher, however, and in the 
case of r.f. pentodes it is often about 2 mA. With an output 
pentode, of course, the screen (really the space-charge grid) 
current is usually 8-15 mA. 

When checking voltages and currents in any part of the 
receiver, but particularly when testing the pre-detector stages, 
the volume control should be at maximum, unless it is a purely 
a.f. control, and the set mistuned from any signal. Unless 
this is done, many readings are bound to be inaccurate and will 
lead one on a wild goose chase. If the set is tuned to a signal, 
for instance, a.g.c. will bias back certain valves and reduce 
their anode and screen currents and cause a rise in certain 
voltages. 

Resistance Testing 

When voltage and current testing fails to indicate a fault, 
or when it shows one to be present but fails to reveal its exact 
nature, it may often be found by resistance testing. This is 
merely an elaboration of continuity testing, using an ohmmeter 
for the purpose. A break in the primary winding of an a.f. 
transformer would certainly be shown up by the voltage and 
current tests if the primary is directly fed, but not if it is 
resistance-capacitance fed in the modem way. It may be 
checked instantly with the ohmmeter, however, simply by 
connecting the meter leads to the primary terminals. Similarly 
with the secondary, the ohmmeter will infallibly reveal a break 
in the winding, whereas with other tests there is an element of 
uncertainty. 

The ohmmeter is of the greatest value, however, in the r.f. 
circuits, for the operation of wavechange switches and the 
continuity of coils may be readily checked. In a set covering 
the medium and long wavebands only, waveband switching is 
sometimes arranged on the lines shown in Fig. 3.3 for one 
circuit, and the switch is open for the long waveband. If the 
switch be set for the long waves and the ohmmeter connected 
across both coils at the points AC, it will show the total d.c. 
resistance of both coils, usually about 10-40 fl. 

22 



THE INTERPRETATION OF METER READINGS 



Fig. 3.3 : A wavechange switch can 
be checked by connecting an ohm- 
meter at AC, to determine whether 
the resistance changes on operating 
the switch 


Fig. 3.4 : This diagram shows a typical 
method of waveband switching for 
an “ all -wave ** set 


Moving the switch to the medium waveband should short- 
circuit the long-wave coil, and the meter should indicate the 
resistance of the medium-wave coil, some 1-5 Q. If the 
meter reading does not change, obviously the switch is not 
making contact. Even if a change of reading of the expected 
order is obtained, however, it is not certain that the switch 
contact is good. 

This may be determined by connecting the meter directly 
across the medium-wave coil (AB) and noting the resistance. 
The figure should be the same as with the switch closed and 
the meter connected across both coils (AC). It cannot be 
greater but may be less ; if it appears greater there is a bad 
connection to the meter. The difference of the readings 
represents the resistance of the switch contacts. A contact 
resistance of o*i Q. may not materially impair the performance 
of the receiver, though a resistance of i will certainly do so, 
but on the medium waveband only. 

In multi-band sets the waveband switching usually takes the 
form shovm in Fig. 3.4. If the ohmmeter is connected across 
AB, it will indicate different resistances on the medium and 
long wavebands, and still lower resistance on the short waves. 
The short-wave coils are of such low d.c. resistance, however, 
that the average ohmmeter will indicate zero. The test will 
show up an open-circuit in a coil or switch contact, but will 
not necessarily reveal a bad contact of sufficient magnitude 
seriously to affect the short-wave performance. This is because 
the tolerable resistance in a switch contact becomes smaller as 
the coil resistance gets lower. 

When checking primary and reaction windings the resistance 
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may be found to be the same in both positions of the switch. 
This does not always mean a fault, for in some sets these wind- 
ings are the same on both wavebands. Again, in a few cases 
such coils will be found to have a surprisingly high resistance, 
perhaps 250 Q. This is because primaries and reaction coils 
are sometimes wound with resistance wire in order to prevent 
parasitic oscillation and, in the case of an oscillator, to keep the 
output at a fairly even level over the waveband. 

In order to avoid false readings 
and the possibility of damage to the 

1 + meter, the set should always be 

switched oflf, or if a battery set, 
^ I disconnected from its batteries, when 

using an ohmmeter. Care should 
also be taken to see that the circuit 
under test is really the only one 
^2 connected to the meter, for there 

are many cases where an alternative 
path may exist. The meter cannot 

^ ^ tell the difference between different 

,he 

always be disconnected. If left resistance between the two points to 

in circuit misleading results may which it iS connected. 

beobtained through the presence the Case of the bv-paSS 

capacitor in the screen-grid 
circuit, as shown in Fig. 3.5, for instance. If an internal leak 
is suspected, it is of little use connecting the ohmmeter across 
it while it is still connected to the voltage divider, for the meter 
will in any case read the resistance of R2. It should be dis- 
connected at one end and checked alone. If the test is for a 


short-circuit only, however, then disconnection is unnecessary. 
The meter will give a reading, it is true, even if the capacitor 
is in order, but it will show the value of R2 — 5,000-20,000 — 

whereas with a short-circuited capacitor it will read 0-100 £2. 

When searching for open circuits, the ohmmeter is just as 
useful, for when connected to the circuit at fault it will continue 
to read infinity instead of showing the correct resistance. It is 
most useful when searching for a disconnection in the wiring, 
for there are many cases where a joint may be passed by a 
visual inspection as sound, but a resistance test immediately 
reveals it to be defective. 
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CHAPTER 4 
VALVES 

W HEN a fault develops in a receiver, it is the valves 
which are usually first suspected because they are not 
only subject to failure like any other component but 
they most definitely wear out wdth use. Unfortunately, they are 
much more difficult to test properly than are most components. 
Unless proper testing equipment is available, the best course 
is undoubtedly to substitute a new valve in the receiver. 

There are, however, far too many valve types for this course 
to be always practicable. There are some i,6oo British and 
American receiving valves, excluding many obsolete types, 
some of which are still to be found in old sets. It is usually 
only practicable to rely on valve replacement as a method of 
valve testing in cases where only a moderate number of types 
of receiver is handled. It is quite possible to keep a set of 
suitable valves in stock and this is to be strongly recommended. 

Proper testing gear which can be relied upon to detect any 
fault in a valve is complicated and expensive. As the majority 
of faults can with a little skill be detected while the valve is in 
the set, this course will appeal to the majority. Short-circuits 
between the electrodes, or a broken heater or filament can, of 
course, be readily detected by connecting an ohmmeter to the 
various valve pins. 

Defective heater-cathode insulation cannot always be detected 
in this way, however, for it sometimes appears only when the 
cathode has attained its normal working temperature. 
Sometimes, too, it is intermittent and may not appear until the 
set has been in operation for an hour or so, and then only for 
a few minutes. In most circuits, the bias resistor is connected 
between cathode and chassis, and the centre-tap on the filament 
winding of the transformer is joined to the chassis. Poor 
heater-cathode insulation consequently partially or completely 
short-circuits the bias resistor and the fault is most easily 
detected with a voltmeter between cathode and chassis, for 
when the breakdown occurs the cathode voltage becomes 
much below its normal figure. If the fault is intermittent it is 
naturally much more difiicult to trace, and the only course is 
to leave the voltmeter in circuit until it occurs. 

Microphonic and noisy valves can generally be detected by 
tapping them, but with certain kinds of noise, notably hiss, the 
only certain test is replacement with a good specimen. A 
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valve which introduces mains hum does not normally need 
special tests for it will be located during the process of carrying 
out the normal hum tests described in a later chapter. 

Emission Falling Off 

The end of the normal life of a valve is generally set by a 
falling off in the emission. With a battery set, this may often 
be detected through the anode current being abnormally low 
for the voltages applied to the valve. With a mains set, how- 
ever, this test is of little use, except when the valve is in the 
last stages of decrepitude, for the automatic grid bias circuit 
tends to keep the anode current up, and the current may not 
be much below normal when the valve has deteriorated 
considerably. 

The best test is undoubtedly the measurement of mutual 
conductance. This is not as difficult as it sounds, and rough 
measurements can be made quite easily. The mutual conduct- 
ance is actually a change of anode current divided by the change 
of grid voltage necessary to produce it. If arrangements are 
made to operate the valve under suitable conditions and at a 
certain grid bias, therefore, the difference between the anode 
cmrents obtained at this bias and when it is changed by i V 
gives the mutual conductance directly in mA/V. 

The circuit of a suitable valve tester is shown in Fig. 4.1 and 
with triodes the standard voltages for tests are 100 V h.t. 
and zero grid bias. The slider of the potentiometer, which 

should be of fairly low 
resistance, say 500 Q, 
should be set so that it 
is I V negative with 
respect to negative h.t. 
The switch S should be 
set to the upper position 
for zero grid bias and 
the anode current noted ; 
the switch is then thrown 
to the lower position 
and the new value of 
anode current noted. 
The difference between 
the two readings gives 
the mutual conductance. 
Thus, if the current 
with zero grid volts is 
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lo mA and with i V bias it is 8-3 mA, the mutual conductance 
is 10 — 8*3 = i*7naA/V. Thearrangement may, of course, be 
used also wdth screen-grid, r.f. pentode, and output pentode 
valves, but it is necessary to provide a tapping on the h.t. 
battery of suitable voltage for the screen. 

If many valves have to be checked it is a good plan to wire 
up a number of valveholders permanently, one for each 
different class of valve, together with suitable batteries, meter, 
and switching. Any valve can then be given a rough test for 
mutual conductance at a moment’s notice. 

A still simpler method of measuring mutual conductance is 
possible when an a.c. supply is available. The d.c. meter of 
Fig. 4.1 is replaced by an a.c. midiammeter connected to the 
anode circuit through a suitable transformer, and a known 
alternating voltage is applied to the grid of the valve by means 
of a transformer. The meter then reads the alternating anode 
current produced by a known alternating grid voltage and it 
can be calibrated directly in mutual conductance. If the tester 
is kept permanently wired up to suitable batteries, therefore, it 
is only necessary to plug in a valve and read off its mutual 
conductance from the meter, no switching or calculation being 
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necessary* The method is not, of course, highly accurate, but 
it is convenient and quite good enough to enable good and bad 
specimens to be distinguished with certainty* 

For accurate results, of course, a proper bridge is necessary. 
This need not be complicated, however, for good results can be 
obtained with fairly simple equipment. 

Although the basic principles of valve testers are quite simple, 
they tend in practice to become complex because of the need 
for covering all types of valves. There are so many different 
valveholders needed, and so many different ways of connecting 
each, that fairly complex switching circuits must be employed. 



“Avo” Valve Characteristic Meter 
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CHAPTER 5 

TRACING MAINS HUM 

A lthough mains hum is a particularly annoying defect 
in a receiver, it is one which is usudly easy to cure. 
The number of points at which hum may enter a receiver 
is limited, and the search for the cause of the trouble, whether 
the receiver is new or old, resolves itself into a systematic 
checking of the various circuits. Fimdamentally the problems 
encountered are the same in a.c., d.c., and a.c./d.c. sets, but 
the two last sometimes present special difficulties. 

The simpler case of an a.c. set will be considered first, 
therefore, for most of the treatment is applicable to other 
types. The method of tracing hum is the logical one of stage 
by stage testing, starting at the loudspeaker and working 
backwards to the aerial; if the process is carried out correctly 
this system infallibly reveals the cause of the trouble, and then 
it is usually easy to devise a remedy. The procedure is best 
illustrated by an example and the circuit of Fig. 5.x forms a 
good basis for discussion. This circuit is not one which is 
now commonly employed, although it has been widely used in 
the past ; it is, however, particularly suited to our present 
purposes, since most of the different forms of mains hum can 
occur with it. 

The first step in testing is to absolve the loudspeaker from 
blame, for it is obvious that if the hum is occurring in this it 
is a waste of time to investigate the receiver proper. Hum in 
the loudspeaker occurs when the current energizing the field 
winding has an appreciable ripple on it and a hum-bucking 
coil is not fitted. 

In order to determine whether or not such hxim is present, 
disconnect the output transformer primary and join together 
the two leads which are normally connected to it, in order that 
h.t. may be applied to the output valve and the load on the 
mains .transformer maintained at its normal figure. Then 
connect a resistor across the transformer primary having a 
value approximately equal to the internal a.c. resistance of the 
output valve, so that the transformer is normally loaded. 
The a.c. resistance can be found from the valve-maker’s 
catalogue or from “ Radio Valve Data Then switch on the 
set and listen for hum. If it is present, it is occtirring in the 
* “ Radio Valve Data,” Iliffe. 
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field or is being picked up by the output transformer. The 
second is veiy’” unlikely, but the first is fairly common. 

The cheapest remedy is to send the speaker back to the 
makers for the addition of a hum-bucking coil ; this usually 
removes 90 per cent of the hum, but it often leaves a trace of 
fairly high-pitched hum, which is often not enough to be 
troublesome. The alternative remedy is to smooth the field 
current ; if sufficient smoothing is used this is a certain and 
complete cure. 


The Speaker-Field Supply 

With the circuit of Fig. 5.1, hum of this nature should not 
occur, for the field current is smoothed by CH2 and C12, which 
also provide the smoothing for the output stage and initial 
smoothing for the early stages. If hum does occur with an 
arrangement of this nature, it probably means that C12 or CHo 
is defective, but the absence of speaker-field hum is not proof 
that these components are in order. 

In practice, this type of hum occurs chiefly when the field 
is separately energized, but it may occur in cheap sets where 
the field winding forms the only smoothing choke in the set 
and the speaker is not well hum-bucked. In such cases the 
best remedy is to insert a choke in series with the field winding, 
on the rectifier side of the winding, and to connect a capacitor 
to negative h.t. from their junction. 

This is shown in Fig. 5.2, in which Ci and C3 are the capacitors 
normally fitted, and CH and C2 are the new components. 



Fig. 5.2 : Hum which comes from the speaker-field supply can be stopped by 
connecting a choke and capacitor before the field 
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Fig, 5.3 : With a separately energized speaker smoothing may be needed to 
prevent hum. When the field is of low voltage (a) the capacitors should be 
200 fiF or more, and the choke of only I or 2 O resistance, but with a high- 
resistance field (b and c) 8 fiF capacitors are suitable with an ordinary choke 

The choke need have an inductance of no more than 8 H or 
10 H at the maximum current taken through the field, but it 
must be of low d.c. resistance if it is not to drop the h.t. voltage 
considerably. For convenience the capacitor C2 will in most 
cases take the form of an 8-/xF electrolytic. 

Where the field is separately energized, the commonest 
arrangements are shown in Fig. 5.3. A low-voltage heavy- 
current field (a) is often very dSficult to treat, for the resistance 
of the smoothing choke can rarely be allowed to exceed i or 
2 n : the inductance, therefore, can only be a fraction of a henry 
and capacitance must chiefly be relied upon for smoothing. 
Fortunately, electrolytic capacitors of zoo fiF or so can be 
obtained quite cheaply. 
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Very largely on account of the difficulty of eliminating hum, 
low-voltage fields are now little used, and the usual arrangement 
is that of Fig. 5 .3(6) with a field having a resistance of 2,000-6,000 
fi. Here smoothing is easy and a lo-H choke and 8-/xF 
capacitor should readily remove all traces of hum. If they do 
not, try the choke and capacitor on the other side of the field, 
as in {c ) , for as no mains transformer is used the results may be 
affected by the earthing system of the mains. 

When hum from the speaker field has been proved to be 
absent, or remedied if present, the connections of the output 
transformer should be replaced to normal. If hum is now 
present, short-circuit the input circuit of the output valve — 
the a.f. transformer secondary in Fig. 5.1 — or the grid leak in 
the case of a resistance amplifier. If the hum continues the 
defect lies in the circuits still operative, whereas if it ceases it 
is obviously coming from an earlier stage. 

The Output Stage 

Assuming that the hum continues, it can only be due to the 
output valve, or its h.t., bias, or filament supplies: in the 
case of a pentode, there is also the space-charge grid h.t* 
supply. The anode supply can be tested by removing the 
output valve and connecting a resistor between negative 
h.t. and the anode socket of the valveholder; the value of 
the resistor should be such that the normal current flows 
ffirough the output transformer. With a PX4 valve, for 
instance, the anode voltage is 250 V and the current 48 mA; 
its resistance to d.c. is thus 250/0-048 = 5,200 Cl. The 
resistor, of course, 
should be of at least 12 
watts rating, and its 
exact value is un- 
important. In this case, 

5,000 Cl would be quite 
near enough. 

If the hum continues 
with this resistor in 
place of the valve, it can 
only be due to inadequate 
smoothing of the h.t. 
supply for this stage, and 
the choke and capacitors 
should be checked. In ex- 
treme cases an additional 
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stage of smoothing may be needed, but these should be very rare. 
When silence has been secured, replace the valve, and if there 
is again hum it can only be due to the bias or filament supplies. 
If the bias resistor by-pass capacitor, C14 of Fig. 5.1, is 
over 25/i-F, there should be no hum from this source and it 
is an easy matter to check it by temporarily connecting another 
in parallel. 

If the capacitor is small, however, it may be necessary to 
replace it by a large capacitance or to decouple the grid circuit. 
The latter can only be done with transformer coupling and the 
connections are shown in Fig. 5,4, where R2 is the bias resistor 
and Ri the decoupling resistor of some o-i MO. The 
capacitor C should be about i /xF ; it must 720I be of the electro- 
lytic type, since the leakage would reduce the effective grid 
bias with ruinous effects on the life of the valve. 

Hum from the filament supply is likely only if the tapping 
on the mains transformer secondary is much out of centre or 
if the valve used has a low-current filament. In either case, 
the best results will be secured by using a potentiometer across 
the filament, instead of the centre-tap, as shown in Fig. 5.5, 
where Ri is the bias resistor and Ci is the by-pass capacitor. 
The potentiometer P should have a value of some 15-30 fi 
and the slider should be adjusted for minimum hum. 

Miniature potentiometers for this purpose are obtainable 
commercially from various firms. In general, however, such 
potentiometers are needed only when the defect lies in the 
mains transformer tapping being off-centre. With modem 

heavy-current valves , 
they are usually un- 
necessary, and almost 
invariably so with in- 
directly-heated valves . 
Filament hum is 
usually serious only 
with the old o-25-A 
type valves, and if the 
use of a potentiometer 
does not cure it the only 
remedy is to change 
the valve for one con- 
suming a heavier 
filament current. 

With a pentode out- 
p ut valve , the 



Fig. 5,5: The use of a potentiometer P across the 
valve filament will tend to reduce hum from the 
l.t. supply when the mains transformer secondary 
is not accurately centre-tapped 
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space- charge grid repre- 
sents an additional 
possible source of hum 
and one which is, in fact, 
the most probable of all. 

The space-charge grid 
h.t. supply requires 
more smoothing than 
that of the anode, for 
any ripple on the supply 
is amplified to some 
degree by the valve. It 
is the common practice 
to feed this electrode 
from the same point 
in the smoothing equip- 
ment as the anode, and 
when this is satisfactory 
it really means that the 
anode supply is 
smoothed rather more 
than is strictly necessary. 

When the anode 
supply is only smoothed just enough for hum to be avoided 
in this circuit, more smoothing is needed for the space - 
charge grid. In some cases, such additional smoothing can 
be secured by feeding the grid from a later point in the 
smoothing equipment ; in others a simple filter is needed. Thus 
in Fig. 5.6 the insertion of a resistor R in the space- 
charge grid lead, with a by-pass capacitor C, will usually 
effect a cure. The resistor R should be no larger than 
necessary, for it lowers the grid potential and so reduces the 
power output. It should be from 5,000 to 10,000 Q and C 
can well be 8 /xF, although smaller capacitances will sometimes 
sufldce. Where the voltage drop in a resistance cannot be 
permitted, R must be replaced by a choke. This is less 
expensive than it sounds, for as the current is only 8-10 mA 
quite a high inductance can be obtained cheaply. Whatever 
type of valve is used, it should always be remembered that in 
a push-pull output stage, seriotis mismatching of the valves 
may be a cause of hum. Since such a stage is not noxm^y 
responsive to a ripple on the h.t. supply, less smoothing is 
often used than wo^d be necessary with an ordinary output 
stage. 



Fig. 5,6 : The space-charge grid of a pentode 
sometimes needs additional smoothing, which 
can be effected by a capacitor C and resistor 
R. This resistor must not be of too high 
value otherwise there will be an excessive 
voltage drop across it 
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The A.F* Transformer 

When satisfied with the performance of the output stage the 
short-circuit on the input should be removed, and if hum now 
reappears the preceding stage must be tested. If transformer 
coupling is used, as in Fig. 5.1, the hum may be picked up by 
this component. This is easily tested, and the procedure is to 
disconnect the primary and to connect across it a resistance 
roughly equal to the valve resistance (V3) in order to simulate 
working conditions. 

If hum is now present which disappears on short-circuiting 
the secondary, it is quite certain that it is picked up by the 
transformer — usually from the mains transformer but sometimes 
from smoothing chokes. One remedy, of course, is to separate 
the components more widely, but this is often impracticable. 
Screening is of little or no value, and the only course is to 
orient the a.f. transformer to the position of minimum hum. 

The transformer should be unscrewed from the chassis and 
flex leads fitted for the secondary connections. It can then be 
readily moved about in the set and the position of minimum 
hum determined ; this position is very critical if the mains and 
a.f. transformers are close together, but may not be if they are 
more than a foot or so apart. Quite probably, the transformer 
will have to be tilted slightly, and as in some cases several 
minima can be found, the one chosen will naturally be that 
which gives the shortest leads or the easiest mounting. 

Having mounted the transformer in such a position that the 
hum is negligible, the connections may be replaced to normal, 
and the operating conditions of the valve investigated. When 
the set is switched on again, it may be found that hum is again 
present but that this dies away as the valves warm up. This 
is due to hum pick-up in the transformer. Even when set for 
minimum hum, the pick-up is rarely zero and depends 
largely upon the degree of damping imposed upon it by 
the vdve. 

The lower the resistance of the valve feeding the transformer, 
the less likely is there to be hum, and it is for this reason that 
the connection of a resistor across the primary is recommended 
when orienting the transformer. If no resistor is used, the 
minimum may be ill-defined and is unlikely to be silent. Under 
working conditions, the transformer is damped by the valve 
resistance and correct operation is secured. When the set is 
first switched on, however, the resistance of V3 (Fig. 5.1) is 
infinite, for the vdve cathode takes 15 to 30 seconds to acquire 
its wor^ng temperature. 


36 



TRACING MAINS HUM 


The directly-heated 
output valve is operative 
almost at once, how- 
ever, and hum is heard 
because the transformer 
is not damped by ¥3, 

As this latter valve 
warms up, the hxmi 
decreases, and ceases to 
be audible when it is 
working normally. 

This effect cannot be 
avoided without sepa- 
rating the transformers 
very greatly ; but it 
may be reduced by 
using parallel-feed con- 
nections for the trans- 
former. These are 
shown in Fig. 5.7. 

Under normal condi- 
tions, the damping on 
the transformer primary is due to Ri in parallel with the valve 
resistance, and when the valve heater is cold, to Ri alone. 
Some change of damping is experienced as the valve warms up, 
of course, but it is much less than with a directly-fed 
transformer. 

The A.F. Stage 

Reverting to the question of hum during normal operation, 
when pick-up in the transformer has been satisfactorily 
eliminated, the next step is to test the circuits of the valve. Its 
input circuit should be short-circuited {R9 of Fig. 5.1), and hum 
can then be due only to the valve, or its anode or bias supplies. 
It is usually possible to tell whether the valve is at fault or not 
by the character of the hum. If it is of fairly low pitch and 
perfectly steady and unchanging, the valve is unlikely to be at 
fault, but if the hum wanders in pitch or intensity, and particu- 
larly if it is of comparatively high pitch, then the trouble is 
almost certainly a faulty valve. 

Assuming the valve to be in order, hum indicates a lack of 
smoothing in the h.t. supply, or inadequate by-passing of the 
bias resisor. The latter can be checked by trying a so-juF 
capacitor across it (Cg, Fig. 5.1), If the h.t. smoothing were 
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initially in order, the hum can be due only to an open circuit 
in, or bad connection to, the decoupling capacitor for this 
stage (Cio) or one of the smoothing capacitors (Cn, C12) or 
to short-circuited turns on one of the smoothing chokes. If 
the receiver has never been satisfactory from the point of view 
of hum, the same possibilities apply, but the trouble may 
really be due to insufficient smoothing equipment and an 
additional stage may be needed. 

In this connection, it may be remarked that decoupling 
circuits give a very appreciable amount of smoothing, and hum 
may sometimes be remedied merely by increasing the capacitance 
of a decoupling capacitor. 

When silent operation has been secured, the short-circuit on 
the input should be removed, and any hum now found must be 
coming from an earlier stage. If this is transformer coupled, 
the procedure is exactly the same as before ; if it is resistance 
coupled the procedure is as follows, and it should be noted that 
this applies to any resistance-coupled stage and not merely to 
the precise arrangement of Fig. 5.1. 

The first step is to remove the preceding valve (V2) and to 
short-circuit the r.f. choke (CHi), if any. If hum is present, 
disconnect the coupling capacitor (Cg) from the coupling 
resistor (R?). If this removes the hum it is undoubtedly due 
to the h.t. supply to V2 and a defect in the smoothing or de- 
coupling circuit is indicated. The capacitors should be 
checked, but if there is no defective component, an increase in 
smoothing or decoupling capacitance is needed ; an increase in 
the decoupling capacitor (C7) will usually be satisfactory. 

The R.C Coupled Stage 

Should the hum be present with the coupling capacitor (Cg) 
disconnected, however, it is being picked-up on the grid and 
grid circuit components of V3 from the electric hum-field 
rather than the magnetic. A reduction in the value of R® will 
usually help, but this will reduce the bass response unless 
accompanied by a proportionate increase in the capacitance of 
Cg. For a given bass response, the actual values of coupling 
capacitor and grid leak are unimportant, and it is only necessary 
that their product should be constant. A reduction in Rg, 
however, will reduct the amplification somewhat, so one cannot 
go^ far in this direction. The true remedy for hum pick-up of 
this kind is screening. A metallized valve should be used, the 
grid leads made as short as possible, and run in screened 
sleeving if they are more than an inch or so long. 
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When hum has been 
eliminated the preceding 
valve can be replaced 
and its input circuit 
short-circuited . Any 
hum which now occurs 
can be due only to the 
valve or its bias supply, 
if any, and the procedure 
for removing this has 
already been given. 

When silence has once 
again been obtained, 
remove the short-circuit 
from the r.f. choke, if 
there is one ; if this 
introduces hum it is 
being picked up by 
the choke. One 
remedy is to orient the choke to the position of minimum 
hum, just as in the case of an a.f. transformer, but it need 
not, of course, be disconnected. An alternative is to replace 
it by an astaticaily wound choke, such as a binocular choke. 
Another alternative is to substitute a resistor of 5-10 kQ 
for the choke. 

The next step is to remove the short-circuit from the input 
and treat the preceding stage in the same manner, if it is 
another a.f. stage. If this valve is a grid detector, however, 
and transformer coupling is used between it and the preceding 
valve as in Fig. 5.8, any hum now introduced can only be 
picked-up on the detector grid from the electric field, for which 
the remedies have already been given, or pick-up by the tuning 
coil from the mains transformer. This last is only likely if the 
coil is of very large diameter, or is an i.f. transformer having 
high inductance coils ; even then, it is only likely if the coil 
is moimted right alongside the mains transformer. 

When tuned-anode coupling is used, however, as in Fig. 5.1, 
a ripple on the h.t. supply to the r.f . valve may cause serious 
hum, for an appreciable proportion of it will be passed straight 
to the detector grid in spite of the small size of the coupling 
capacitor C4. The remedy, of course, is to increase the 
smoothing of the h.t. supply to this valve, or to look for a 
defect in the smoothing system. 

It should be noted that this type of hum is quite probable, 
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for the anode voltage of the r.f. valve is often less well smoothed 
than that of the detector, since the supplies are taken from the 
same point on the h,t, supply system, and less decoupling is 
used in the r.f. stage. This particular variety of hum does 
not occur with the tuned-grid circuit any more than it does 
wdth transformer coupling, but the ripple may cause trouble in 
other ways. 

The testing procedure outlined in the foregoing will, if 
faithfully followed, reveal the cause of any hum of the type 
which is continually present w'hether the receiver is tuned to 
a signal or not. It is, however, rarely necessary to go through 
the whole procedure, and indeed it w^ould be unutterably tedious 
to do so. The full process is necessary only when every type 
of hum is simultaneously present, and it would be a very 
exceptional set in which this occurred. 

It is not uncommon for a set to have several sources of hum, 
but their location is not usually a difficult or a lengthy business. 
Hum is, of course, more likely to occur in a newly-constructed 
receiver than as the result of a breakdown, except in the matter 
of valves. It may often be necessary to remove it from old 
sets, however, for many of these gave appreciable hum which, 
though tolerable at the time, would not be so to-day. 

Localizing the Trouble 

The short-cuts to testing consist of a few rapid tests which 
localize the source of the trouble to one portion of the receiver. 
If a receiver is arranged to operate with a pick-up, for instance, 
the first step is to short the pick-up terminals and turn the 
control swdtch to gramophone. If the hum ceases, one knows 
at once that the circuits following the pick-up switch are in 
order and that it is a waste of time to investigate them ; it 
should be pointed out, however, that this test does not necessarily 
absolve the grid circuit of the valve to which the pick-up is 
connected. Should the hum continue unabated, it is obviously 
occurring in a later circuit. 

As an example of the method of rapid testing, suppose that 
a receiver of the type of Fig. 5.1 is giving trouble from hum. 
The first thing is to short-circuit the a.f. transformer secondary. 
If there is hum, investigate the speaker field, and if that fails, 
the output stage itself. If the hum ceases, however, one knows 
at once that the output stage and field supply are in order, and 
the next step is to remove the short-circuit from the transfomier 
secondary and apply it to the input of V3, Suppose this 
reduces the hum, but does not completely remove it. It is 
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clear that some of the hum is occurring in this stage and some 
at an earlier point. The a.f. transformer should be tested for 
hum pick-up and if this fails, the h.t. supply and valve. 
When this particular source of hum has been removed, and not 
before, the short on the input can be removed and transferred 
to the preceding stage. The remaining hum is in the extra 
stage now in circuit and a few tests on the lines described will 
speedily reveal its source. 

Gramophone Hum 

In the case of gramophone equipment, there are additional 
sources of hum ; the pick-up itself and the leads to it. Little 
extra^ testing is needed, however, for the pick-up leads should 
invariably be screened, and if the pick-up itself appears respon- 
sible for the hum the real cause is usually a faulty or badly- 
designed motor. Care should, of course, be taken to see that 
the motor frame is earthed and that the insulation of the motor 
windings from the frame is satisfactory. A dirty commutator 
will cause serious noise which can hardly be described as hum, 
but excessive vibration may lead to hum as soon as the pick-up 
is placed on the record. 

Before leaving the question of direct mains hum, it may be 
as well to point out one or two W’ays of increasing the smoothing 
with little additional apparatus. In an a.c. set, the hum is of 
definite frequencies, and where one frequency predominates it 
is possible to reduce it greatly by using a tuned smoothing 
circuit. 


Tuned Smoothing System 

Where full-wave rectification is used, the chief hum frequency 
is twice the mains frequency, or loo c/s in the case of 50-c/s 
mains. If one of the smoothing chokes is shunted by a capacitor 
of the correct value it will resonate at 100 c/s and very greatly 
reduce the hum. When the inductance of the choke is known 
the capacitance can readily be calculated ; it is given by C = 
i/co^L where C is the capacitance in farads, L is the inductance 
in henrys, and co = 6*28 X frequency. Thus, to tune a 
lO-H choke to 100 c/s, the capacitance must be 0-354 
There is one grave disadvantage about this arrangement 
which renders it of only occasional use ; — although it greatly 
increases the smoothing at the resonant frequency, it reduces 
it at other frequencies. The chief hum frequency is 100 c/s, 
but there are also frequencies of 150 c/s, 200 c/s, 250 c/s, and 
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connection with the supply mains. The best course is con- 
sequently to connect all such screening to negative h.t. through 
an isolating capacitor which should not exceed o-oi ^iF for 
a.c. supplies and which should be rated for working at 300 V. 

Modulation Hum 

Some of the most difficult forms of hum to trace appear only 
when a signal is tuned in, and in the absence of a carrier the 
receiver may be quite silent. Such hum arises because for 
some reason the hum voltages modulate the carrier of the 
station to which the receiver is tuned, and it is consequently 
generally known as modulation hum. A ripple on the h.t. 
supply to an r.f. or i.f. valve, for instance, may cause modula- 
tion hum whatever the nature of the intervalve coupling. In 
the case of tuned-anode coupling, a ripple on the supply to the 
last r.f. valve will cause direct hum, as already pointed out, 
but it will not cause such hum with transformer or tuned-grid 
coupling. The hum may be impressed upon the carrier of a 
signal, however, for the anode voltage of the valve will fluctuate 
at the hum frequency, and unless the valve is perfectly linear 
its amplification will vary in sympathy. Consequently, the 
carrier voltage at the detector will be varying in amplitude at 
the hum frequency ; in other words, the carrier will be modu- 
lated by the hum. 

Testing for Modulation Hum 

The liability of a receiver to such hum is most readily tested 
by connecting the output of an oscillator to the input of the 
last r.f. or i.f. stage and tuning it to the appropriate frequency. 
The oscillator should be unmodulated, otherwise any hum will 
be obscured. The oscillator output should be increased until 
hum appears. 

If the input is judged to be larger than any signal input 
likely to be applied to this valve under normal operating con- 
ditions, nothing need be done, for the appearance of the hum 
is due chiefly to the valve being overloaded and the ripple on 
the h.t. supply is small. If the hum is prominent with a 
normal input, however, the ripple is excessive and more smooth- 
ing of the anode or screen supplies is indicated ; the stage is 
incorrectly designed and cannot handle the input without 
overloading, so that the anode and screen voltages should be 
raised ; or the stage is overloaded through the deterioration of 
the valve. 
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By transferring the test oscillator stage by stage towards the 
aerial, each stage can be tested individually for modulation 
hum. In a receiver which has previously functioned satis- 
factorily, the only likely causes are faulty valves, both in emission 
and in heater-cathode insulation, and defective smoothing or 
decoupling equipment. 

The commonest cause of modulation hum, however, cannot 
be found in this way. The hum appears usually only when 
the receiver is tuned to the local station, and while such hum 
may be due to overloading of an r.f. or i.f. valve, it is more 
commonly caused by r.f. currents in the supply mains. Such 
hum does not appear in a.c. sets which have a screened-primary 
mains transformer, provided that other coupling between the 
mains and the receiver circuits is absent. The first step should 
be to make sure that the screen is properly earthed ; if it is, 
and it is found that reversing the mains plug in its socket 
alters the degree of hum, the trouble is almost certainly due to 
the wiring to the on-off switch. Screening the wiring to this 
switch may effect a cure, but it is better to fit a new switch 
well removed from the receiver circuits. The usual switch 
attached to the volume control is in a particularly dangerous 
position from the point of view of mains hum, for the mains 
leads must necessarily pass through much of the receiver wiring. 

In cases where the primary of the mains transformer is not 
screened, it is obviously impracticable to attempt to introduce 
screening and an alternative remedy must be found. A com- 
plete cure will usually result from the connection of capacitors 

between the mains and 
earth, as shown in Fig. 
5-9; the value used for 
these capacitors C is 
not critical, and o*ooi jitF 
is usually quite large 
enough. They should, 
however, be rated for 
250 V a.c, working. 

Moving the 
Receiver 

When obstinate cases 
of modulation hum 
are found, it is always 
worth while to try 
operating the receiver 
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(a) (b) 


Fig, S.IO : Capacitors across the high-voltage winding of the mains transformer are 
helpful when the rectifier is responsible for hum 


somewhere else. The house wiring is carried out in ceilings, floors 
and walls, and it may occasionally happen that the receiver is 
used in such a position that it is almost surrounded by concealed 
house wiring and so may be in quite a strong hum field. 
Similarly, the aerial lead-in may pass through such a field and 
so lead to difficulty. 

It is possible for the rectifier to give rise to modulation hum 
in certain circumstances, although it is not very common. 
The connection of capacitors C as in Fig. 5-10 will usually cure 
trouble of this nature and o-i fiF is the usual value. They 
must, however, be of very high voltage rating ; in the case of 
Fig. 5.10 (a) for one-half the total a.c. voltage of the h.t. 
secondary, that is, 350 V a.c. worldng for a 350-0-350 V 
winding, or nearly 500 V peak. With the arrangement ( 5 ), 
however, even higher voltages are encountered, for the voltage 
on the capacitor is the sum of one-half the total a.c. voltage and 
the rectified d.c. voltage. As the latter may be nearly equal 
•to the peak a.c. voltage when the set is first switched on, the 
capacitors should for safety be rated for operation at the total 
a.c. voltage of the high voltage winding, that is, 700 V 
r.m.s. or 1,000 V peak, for a 350-0-350 V tr^sformer. 

With d.c. and a.c./d.c. receivers, modulation hum can again 
be caused by r.f. currents in the supply mains and its elimination 
is much more difficult, for there is no mains transformer to 
give any isolation. The remedy, of course, is to insert a filter 
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Fig. 5,11 : In d.c. and a.c./d.c. sets, a simple mains filter may be needed to 
prevent modulation hum. The capacitor Cj is needed only when it is necessary 
to use large capacitances for C, and it should be of about 0.001 ftF 


in the mains leads, and in some cases capacitors to earth as in 
Fig. 5.1 1 {a) suffice; for d.c. only the capacitors C should be 
about 0*5/1 ]llF, but for a.c. it is inadvisable to make them 
larger than o*i fxP, If large capacitors are necessary, then it is 
wise to insert Ci of o*ooi /xF to o*i jjiF in the earthing lead. 
It will often be necessary to include r.f. chokes in the mains 
leads as well as these capacitors. They must be wound with 
heavy-gauge wire, No. 22 or heavier; suitable chokes for the 
medium waveband can be made by winding 60 to loo turns of 
No. 22 d.c.c. as a single layer on a 2-in diameter former 
Fortunately, coupling between the two chokes seems to have 
no adverse effect, but they should, of course, be kept as far as 
possible from the receiver circuits. 

It is rare for the heater supply to introduce hum in purely 
a.c. sets, except on the short wavelengths where modulation 
hum may be experienced. In general, such hum can be cured 
by connecting by-pass capacitors to earth from the heater of 
the offending valve. The trouble usually arises in the oscillator 
circuit, and 0*01 ftF mica or ceramic dielectric capacitors are 
to be recommended for the purpose. In a.c./d.c. sets, the 
order in which the heaters are wired is of importance, but there 
is rarely any difficulty if the detector is placed at the earthy end 
of the chain. 
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CHAPTER 6 

MOTOR-BOATING 

T he name of “motor-boating ” is usually given to that 
form of instability which manifests itself by producing a 
noise which is not unlike that of a petrol engine. It is 
self-oscillation of very low frequency ; the frequency is rarely 
higher than 25 c/s and is sometimes low^er than i c/s ; it usually 
lies about 2-5 c/s. Such extremely low frequencies are not, of 
course, directly audible, but the amplitude of oscillation is so 
great that the loudspeaker, and indeed the valves, are badly 
overloaded, with the result that higher frequencies within the 
audible range are present. 

It is better to think of motor-boating as producing periodic 
pulses of current or voltage than as generating an oscillation in 
the common sense of the word. The amplitude reached is 
often sufficient for the movement of the loudspeaker cone to 
be readily visible, and if prolonged, it may damage the cone 
suspension. 

There are three distinct forms of motor-boating, and it is 
necessary to distinguish them carefully if a remedy is to be 
found easily. The three forms are (a) pure a.f. feedback, 
(b) r.f. instability, (c) modulation by a.f. feedback. The 
first is the most common and the easiest to deal with. It 
invariably occurs through common impedance coupling, and 
the impedance is usually that of the h.t. supply, dthough it 
may occasionally occur from the source of grid bias. It is a 
fault which in normal circumstances only occurs in sets derivin g 
their h.t. supply from a source other than batteries. 

It is easy to see that the impedance of the h.t, supply is 
included in the anode circuits of all valves. Referring to 
Fig. 6,1, the impedance of the h.t. supply at low frequencies 
is clearly fairly high, since it consists of the output impedance 
of the smoothing equipment. This will vary greatiy with 
frequency, and from receiver to receiver, but cannot be small 
unless the last capacitor C be impracticably large. 

Obviously, therefore, the a.c. output of the last valve will 
set up a voltage across it which will be communicated directly 
to the preceding stage and so cause regeneration or degeneration 
according to the ptase of the feedback. If the phase is correct 
for regeneration, the bass response of the receiver will be 
increased, and if the feedback is sufficient, motor-boating will 
occur. If the phase is such as to produce degeneration, there 
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will be no motor-boating but the bass response of the apparatus 
will be seriously reduced. The common expedient of curing 
motor-boating by reversing the connections to the winding of 
an a.f. transformer must be considered bad practice, therefore, 
since by changing the phase relationships it merely converts 
excessive regeneration into degeneration and does nothing to 
prevent the feedback. 

The correct remedy for motor-boating is to introduce 
adequate decoupling. Each a.f, stage except the last should 
have its anode circuit decoupled by the usual resistance- 
capacitance combination. The addition of such decoupling to 
the circuit of Fig. 6.i is shown in Fig. 6.2, in which Ri is the 
decoupling resistor and Ci the decoupling capacitor. 

It can be seen that the resistance and capacitance really con- 
stitute a simple filter circuit and they actually contribute 
greatly to the smoothing of the h.t. supply and so to the 
elimination of mains hum. The degree of decoupling obtained 
increases with the values assigned to the components, and is 
roughly proportional to the product of resistance and capacitance. 
The amount of decoupling required depends upon the degree 
of amplification between the point which must be decoupled 
and the anode circuit of the last valve, upon the frequency 
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response characteristic of the amplifier, and upon the impedance 
of the h.t. supply. It is consequently impossible to give any 
general ruling for circuit values. 

Value of RC 

Experience shows, however, that the RC product should not 
be less than about 80,000 (R in ohms, C in microfarads) in an 
arrangement such as that of Fig. 6.2 when the bass response is 
good. If an additional a.f. stage were used, the RC product 
for the first stage should not be less than 200,000, but that for 
the second stage can still be 80,000. The value of the resistance 
will naturally be as high as possible, since a high value resistor 
costs no more than one of low value, whereas the price of 
capacitors increases with capacitance. The resistance value, 
however, is limited by the permissible voltage drop across it, 
and this, of course, depends upon the anode voltage required 
by the valve and the h.t. supply available. 

In a circuit such as that of Fig. 6.2, Ri is commonly about 
20,000 fi and Cl should then be some 4 juF. In an earlier 
stage, the valve does not usually need such a high anode voltage 
and the decoupling resistance can then often be made as high 
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as 50,000 n. The capacitance can then be selected to 
provide the requisite decoupling, and it is seldom that anything 
higher than 8 /xF is needed. 

The use of a choke instead of a resistor for decoupling is 
sometimes recommended and it has the advantage that the 
voltage drop across it can be very small indeed. It is much 
more expensive, however, and in the author’s experience not 
very effective. To do any real good the choke should have an 
inductance of several thousand hen^s and this is obviously out 
of the question. Moreover, there is a risk of resonance effects 
occurring whereby the feedback is increased by such a “ de- 
coupling ” circuit. 

In the case of grid circuits, when cathode bias is used, feed- 
back may occur from the anode to the grid circuit of the same 
valve. Such feedback is degenerative and does not cause 
motor-boating, but reduces the stage gain. If the by-pass 
capacitor (C2, Fig. 6.2) is absent, there is little harm in the 
feedback beyond the loss of amplification, but if the capacitor 
is present but of too small capacitance, there will be a reduction 
in the bass response only. 

To be effective in preventing degeneration and, at the same 
time, to avoid introducing frequency distortion the by-pass 
capacitance must be very large. As a rough rule it is usually 
safe to choose a capacitor having a reactance at the lowest 
important frequency of not more than one-tenth of the value of 
the bias resistor or of the reciprocal of the mutual conductance 
of the valve, whichever is the lower. Thus, if R 2 is 1,000 fi, 
Ca should have a reactance of about 100 at the lowest 

important frequency. 
If this is 50 c/s the 
nearest standard 
value is 25 juF with 
a reactance of 127-2 Q. 
If the valve has 
a mutual conductance 
under operating con- 
ditions of more than 
I mA/V, however, the 
reciprocal will be under 
1,000 n and a higher 
capacitance will be ad- 
visable. If == 10 
mA/V, for instance, the 
reciprocal is 100 and 
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Fig. 6.4 : Grid circuit decoupling is ineffective with resistance coupling 

some 250 ftF is called for. The rule does not apply to 
television equipment. 

Capacitances of this order are quite practicable, for in most 
cases the voltage drop across R2 does not exceed 40 V or so and 
may be much less. Electrolytic capacitors of 50 rated for 
working at 50 V are quite reasonably priced and entirely suitable 
for use in such circuits. For voltages up to about 12 V, 
200 /xF capacitors are obtainable. 

An alternative arrangement possible in some cases is to 
adopt grid-circuit decoupling as shown in Fig, 6.3. The bias 
resistance is R2 and alternating potentials developed across it 
are prevented from reaching the grid by the decoupling system 
Ri C. The values are in no way critic^ and it is nearly aiways 
satisfactory to give Ri a value of 100,000 Q and C a capacitance 
of I juF* It is important to remember that C must 7 iot be an 
electrolytic capacitor. There is always some leakage in an 
electrol^c capacitor, and in this instance it would have the 
eifect of very appreciably reducing the grid bias actually applied 
to the valve. 

It should be remembered also that when cathode bias is 
used, grid decoupling is only effective when the intervalve 
coupling is by means of a transformer ; it is useless to employ 
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it with resistance or auto -transformer coupling. This is clearly 
seen from Fig. 6.4; although potentials developed across R| 
are prevented by the decoupling components Rj Ci, from 
reaching the grid of the valve through the grid leak R3, they 
can easily reach the valve through the alternative path provided 
by the anode-circuit decoupling capacitor C3 of the previous 
valve and the inteiv^alve coupling capacitor C2. 

In such cases there is no alternative to the use of a large 
capacitance bias-resistance by-pass capacitor as long as cathode 
bias is retained, and for a.f. stages in general it is usually the 
best system. When grid bias is obtained by means of a 
resistance in the main h.t. negative lead which is common to 
all valves, however, grid-circuit decoupling can be employed 
whatever the nature of the intervalve coupling ; in fact, it 
really demands this form of circuit isolation. In general, how- 
ever, cathode bias is better, for each valve is then independent 
of the others for its grid bias. 

When resistance coupling is used, the feedback caused by 
the common impedance of the h.t. supply is positive and 
negative on alternate stages. In general, phase shifts in the 
couplings prevent one from making use of this fact to reduce 
the decoupling needed, except in the penultimate stage. Here 
it is not uncommon to find decoupling omitted. 

Its omission not only results in a saving of components but 
enables a somewhat greater undistorted output to be obtained 
from the valve, since the voltage drop across a decoupling 
resistance is avoided. The disadvantages are the loss of the 
smoothing effect of a decoupling circuit and some reduction of 
bass response at very low frequencies. This last can be of 
negligible importance, for it is not difficult to push below 
audibility the frequency at which the response begins to drop. 

With resistance coupling between the penultimate and output 
stages, the inclusion of decoupling at this point does not help 
to reduce motor-boating. If th^ penultimate valve is a pentode, 
however, feedback to its screen, but not its anode, is regen- 
erative, so that screen decoupling is important. A pentode a.f, 
stage usually has very high resistance values and quite small 
capacitances consequently give adequate decoupling. A screen- 
feed resistance, for instance, is often about 0*3 M£l, and a 
capacitance of o-z fiF or so is then sufficient. 

There is little which need be said about the methods of 
tracing a.f. feedback, for its appearance in a set is invariably 
due to inadequate decoupling. If the set has previously 
functioned satisfactorily the trouble will almost certainly be due 



MOTOR-BOATING 


to an open-circuited capacitor or short-circuited resistor. 
The latter is easily found by checking the resistance values or 
measuring the voltage drop across the resistor. The former 
can, of course, be checked by measuring the capacitance of the 
capacitors concerned, but it is usually easier to keep a spare 
4 -/xF paper capacitor, fitted with flex leads terminating in 
crocodile clips, and connect it in parallel with each capacitor 
in turn. Do not forget to discharge the capacitor after it has 
been used and never discharge it by short-circuiting it, for this 
may damage the capacitor. Always discharge it gradually 
through a resistance of at least 10,000 

R.F. instability and Motor-Boating 

Turning now to the second type of motor-boating, caused by 
r.f. instability, this normally occurs only in sets fitted with 
a.g.c. and the action is as follows: — Self-oscillation results in 
a large detector input from the locally-generated oscillations 
and this means that the a.g.c. circuit biases the controlled 
valves negatively by quite a large amount. The instability 
consequently ceases, the detector input falls and the a.g.c. 
bias drops to zero. Oscillation then recommences and the 
whole cycle of events is repeated indefinitely. 

The audible result is practically indistinguishable from true 
motor-boating, the frequency being determined by the time 
constant of the a.g.c. system. The remedy, of course, is 
entirely different and for the procedure to be adopted reference 
should be made to the chapter dealing with r.f. instability. 
It is usually possible to distinguish this form of motor-boating 
from that due to true a.f. feedback because it will disappear 
when the set is tuned to a strong signal, for a.g.c. will then 
bias back the controlled valves and make the set stable. 

Modulation by A.F. Feedback 

The third type of motor-boating is usually apparent only 
when a strong signal is tuned in. It is due to a.f, feedback 
to the anode or screen circuit of one of the r.f. or i.f, val\"es. 
Continuous motor-boating cannot occur, for the couplings will 
not pass low frequencies, but when a carrier is present the 
low-frequency potentials fed back can modulate it, and they 
then pass through the couplings as a modulation on the carrier. 
Modulation demands non-linearity in one of the valves, so that 
two remedies are available — to prevent the feedback or to 
remove the non-linearity. The latter may be impossible, 
however, for the non-linearity may actually be caused by the 
feedback if this is great. 
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It is clear, therefore, that for the avoidance of this effect the 
anode and screen circuits of r.f. and i,f. valves should be 
thoroughly decoupled, and values chosen for the decoupling 
components which are effective at low frequencies. This is not 
always easy, for the voltage and current requirements of many 
r.f. type valves prohibit the use of high values of decoupling 
resistance. Resistors of only a few thousand ohms are of 
little use unless the decoupling capacitors are of the order of 
50 fiFy and these are rather expensive in high voltage ratings. 

Fortunately, the trouble is one which occurs quite rarely in 
practice. It is usually present only when an exceptionally 
good a.f. amplifier is used having a very good bass response. 
The best remedy, and probably the cheapest in the long'run, is 
to use separate h.t. equipment for the post- and pre-detector 
stages, but with care it is possible to overcome it by modifying 
the a.f. couplings so that there is a cut-off below about 25 c/s 
This afiFects quality to a negligible degree. The use of a well- 
balanced push-pull output stage greatly reduces any tendency 
to this form of motor-boating. When it occurs in a set fitted 
with push-pull a.f. amplification, therefore, a very probable 
cause is that the amplifier is imperfectly balanced at the lowest 
frequencies. 



British Physical Labora- 
tories Super Ranger 
provides a.c. and d.c. 
voltage ranges as well as 
resistance and direct- 
current measurements 
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CHAPTER 7 

INSTABILITY IN R.F. AND LF. STAGES 

O NE of the commonest troubles encountered in a receiver, 
whether new or old, is instabilit}’ in the ri. or i.E 
amplifier. It is invariably due to the presence of un- 
wanted coupling between circuits separated by one or more 
valves and the search for a cure inevitably means tracing the 
coupling. Unwanted couplings may be due to a common 
impedance; they may be electromagnetic between coils and 
wiring ; or they may be electric, betw^een components and 
wiring, and in the valves themselves. 

It cannot be too strongly emphasized that when instability is 
present there must be an amount of coupling between different 
circuits which is excessive for the degree of amplification. 
Since it is alw^ays impossible completely to eliminate stray 
couplings, there is an upper limit to the amplification obtainable 
with stability. This may seem a truism, but it is all too often 
overlooked. 

In the case of instability in a straight set or in the signal- 
frequency amplifier of a superheterodyne, much useful informa- 
tion can be gained from the manner in which the performance 
varies over the w'aveband. It will usually be found that the 
instability occurs chiefly at the high-frequency end of the 
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waveband for reasons first, the amplification is usually 
at Its greatest at this end of the tunmg range, and secondly, the 
coaling provided by stray capacitances increases with frequency 
^metimes, however, the reverse effect is obtained, and 
although a set may be quite stable at high frequencies, self- 
oscillation sets in when the tuning control is rotated to the 
low-frequency end of the waveband. The trouble is then 
inymably due to coi^on impedance coupling and is usually 
quite easy to trace. A typical arrangement is shown in Fig 7 i 
and the way in which the- tuned circuits are completed fo^s 
one of the greatest danger points. 

•„ tuned circuit as a whole is indicated by heavy lines and 
wiring completing each circuit should be 
quite distinct from that involved in any other. Now in a gang 
are all in connection with the frame, and 
It IS a temptation to earth the frame at a single point only. If 
tms w cmne the circuit becomes effectively that of Fig. 7.3 in 
which the lead mpked AB represents the earthing lead of the 

TiiXlT' ^ resistance and inductance 

which is common to both tuned 
consequently couples them together. It 

Sv «ceidT?* impedance of such a lead, which 

rarely exceeds six mches or so m length, would be negligibly 
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small. This is not the case, however, and it is quite sufficient 
to cause severe instability in many cases. 

When instability of this particular type is found, therefore, 
the first thing to do is to investigate the wiring of the tuned 
circuits to make sure that there are no common leads. In 
some receivers, the gang capacitor is not earthed directly, but 
its contact with the chassis is relied upon for the connections 
to the frame. This is usually quite satisfactory provided that 
sound contact between capacitor and chassis is obtained at 
several different points well spaced along the capacitor. 

The sudden appearance of instability in a receiver w^hich has 
been previously working w^ell can often be traced to a poor 
contact between capacitor and chassis owing to one of the 
fixing bolts having become slack. An ohmmeter test of circuit 
resistance will not reveal a defect of this nature, for the d.c. 
circuit resistance w^ill be a minute fraction of an ohm. In a 
similar manner, a common return lead to a decoupling capacitor 
may cause instability, and it is a wise plan to wire a receiver 
in such a way that no lead is included in more than one circuit 
except where experiment show's that the use of a common 
connection causes no harm. 


When the instability occurs at the high-frequency end of the 
tuning range, however, it is rare for common impedance 
coupling to be responsible, and it is more usually caused by 
electromagnetic or electric coupling or both. The former 
is unlikely to appear in a receiver which has previously been 
satisfactory unless a poor connection has developed between a 
coil screen and the chassis. It is quite possible in a new set, 
however, even with apparently well-screened coils. 

It is not always realized that screening is never perfect, and 
that the conventional coil screen merely reduces the external ^ 
field of the coil to something like one-twentieth of what it 
would be wdthout the screen. Of course, w^hen cods are 


individually screened the 
coupling between them is 
reduced much more, the 
field inside the second 
screen due to the first coil 
being about of what 
it would be if neither coil 
were screened. These 
figures are very rough and 
depend greatly on the 
size of the screens and the 



Fig. 7.3 : In order to reduce stray coupling, the 
connections in a tuned circuit should be kept 
close together 


C 
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material of which they are made as well as its thickness. They 
do show, however, that even with screened coils appreciable 
coupling may exist. 

Stray electromagnetic coupling may also exist in the wiring 
if this is carried out in such a way that large loops are formed. 
This is particularly important in the case of tuned circuits. 
It is clear from Fig. 7.3 (a) that if the two leads between coil 
and capacitor are widely spaced, there will be an appreciable 
field which will link with other circuits, whereas if the leads 
are run close together as in (b) no such field can exist, for the 
field surrounding each lead is cancelled by the equal and opposite 
field surrounding the other. 

Capacitance Couplings 

In spite of the dangers of electromagnetic coupling, stray 
capacitive coupling is probably responsible for 90 per cent of 
instability troubles. This can occur between any unscreened 
components or wires, and it is naturally most important when 
the difference of r.f. potential between the circuits is large. 
It is necessary, therefore, to keep the grid and anode leads of 
a valve well separated, and screening is usually needed. It is, 
however, much more important to keep the anode lead of 
the second stage away from the grid lead of the first, for as the 
amplification between these two points is much greater, the 
difference of r.f. potential is much larger and a smaller degree 
of coupling will promote instability. 

Keep Grid Leads Short 

In order to reduce any tendency towards instability, one is 
often advised to keep all grid leads as short as possible. The 
idea behind this piece of advice is that, as the valve amplifies, 
any feedback to the grid circuit will be much more serious 
than in the case of the anode circuit. It is, however, a scheme 
which can be carried too far, for a little thought will show that 
the anode lead of the first r.f. stage is just as much a danger 
point as the grid lead of the second, their r.f. potentials being ^ 
in many cases identical. 

An endeavour to obtain very short grid leads often means 
abnormally long, anode leads, with the result that one may 
actually be worse off than if longer grid leads were employed. 
In general, the most sensitive point is the grid lead of the first 
valve, and then the aerial lead. Next in order, and of equal 
importance, come the anode lead of the first valve and the grid 
lead of the second stage and so on through the receiver. 
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With a new and unstable receiver, stabilization resolves itself 
into the removal of the stray couplings responsible for the 
unwanted feedback. This is not easy unless a systematic 
method of progression is adopted, for degrees of instability are 
difficult to determine and there may often be several different 
kinds of feedback present at the same time. Stability may be 
achieved by the removal or reduction of them all, but not by 
any one alone. 

The best procedure is to modify the set in some way, so that 
it is only just unstable, even if this entails a big drop in amplifica- 
tion, for with the set in this condition the removal of any one 
source of feedback is likely to stabilize the set, and each soiirce 
of feedback can be dealt with in turn. Thus, if a set is fitted 
with a manual gain control of the type operating by changing 
the grid bias of early stages, the set can readily be stabilized by 
its adjustment. Modem receivers fitted with a.g.c, do not 
normally include such a control, but it is usually a simple 
matter temporarily to wire a variable resistor of some 5,000 iQ 
in the cathode lead of one of the valves. The resistor 
should, of course, be shunted by a capacitor of 0*1 /xF. 

The procedure is to set the control at such a value that the 
set is only just oscillating; that is, so that the slightest increase 
in the resistance value causes oscillation to cease. Changes in 
the receiver can then be made and their effect upon stability 
instantly determined. The wiring should first receive attention 
and suspected leads can be moved wdth an insulated tool, such 



Fig 7 A : Instability may occur through coupling between such apparently dead 
, leads as AB and £F 
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is a wooden pencil ; if the oscillation ceases on changing the 
Dosition of any wire, then it is obvious that the wire in question 
s responsible for at least some of the feedback. Its position 
should be changed to one which is less dangerous or it should 
De screened. 

It is important to remember that so-called low-potential 
eads can be nearly as dangerous as grid and anode wiring. 
Referring to Fig. 7.4, it can be seen that for r.f. currents the 
mode circuit of each valve comprises the lead from the valve 
mode to the transformer primary, the transformer primary 
tself, the lead from it to the decoupling capacitor, and the 
viring between this component and the valve cathode. R.F. 
currents flow through the whole of this path, and are no stronger 
n any one part than in any other. Electromagnetic coupling 
nay thus occur between any part of the primary circuit of one 
/alve and any part of another. In particular, if the leads AB 
)r CD in Fig. 7.4 run close to and parallel with EF or GH, 
nstability is highly probable, although these are commonly 
relieved to be dead ’’ wires. 

Sources of Instability 

When locating sources of instability it is necessary to try 
jach possible source in turn. The wiring is often responsible, 
)ut inadequate decoupling of anode, grid, and screen-grid 
:ircuits is commonly to blame. The anode circuits are usually 
he most important and decoupling is generally necessary when 
he receiver includes more than one r.f. or i.f. stage. The 
jrid circuits are. next in importance and the screen circuits the 
east likely to cause trouble. Decoupling of the screen circuits 
s, in fact, usually unnecessary, and a simple by-pass capacitor 
>ften suffices. It is, however, always necessary to make sure 
hat the component used is in truth a capacitor, for faulty 
:omponents are not unknown and an internal open- circuit can 
)e responsible for many obscure defects. 

By-pass and decoupling capacitors in r.f. or i.f. circuits 
isually have a capacitance of 0*1 fiF, except in cases where 
lecoupling must also be effective at low frequencies when the 
:apacitance may be as high as z -8 jaF, Decoupling resistors 
'ary much more; where the aim is decoupling at r.f. only, 
'alues of 500-1,000 Cl are common, but where a.f. decoupling 
3 also considered the resistance may be 20 kD in anode circuits 
nd 20 kD to 2 MO in grid circuits, the high values being 
ised in sets fitted with a.g.c. In many cases, however, the 
esistance is chosen to give the correct anode voltage to the 
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valve concerned, since its value is in no way critical from the 
point of view of decoupling. 

Feedback from the A.F. Circuits 

Apart from defects in the purely r,f. circuits which can 
lead to instability, the a.f. side of the receiver is often of con- 
siderable importance. The detector should ideally be fed 
with an r.f. or i.f. input and produce an a.f. output only. In 
practice, it alw^ays gives an r.f. output as well as the wanted 
a.f. voltages. Most receivers include a filter in the detector 
output circuit for the purpose of confining r.f. currents to the 
detector and of preventing them from being fed to the a.f. 
amplifier. Now it should never be forgotten that no filter can 
completely prevent the passage of the currents against which 
it is discriminating. However good the filter may be, there 
is always some leakage ; in other words, the attenuation of 
any practical filter is never infinite. 

The filter in some receivers consists merely of an r.f. choke 
and capacitor as shown for a typical arrangement in Fig. 7.5. 
When a choke is used, it is usually the self-capacitance which 
is of importance in the r.f. filtering and this may be as much 
as 3 pF — allowing for stray wiring capacitances. For frequencies 
higher than some 400 kc/s, the filter then reduces r.f. potentials 
to about 3 per cent of what they would be in its absence : this 
is for a capacitance C having the usual value of 100 pF. 

In many cases, the 
choke is replaced by 
a resistor of 50 kQ or 
so, and the capacitor C 
is usually of about 
100 pF although it is 
sometimes as high as 
500 pF. At 465 kc/s, 
and using a resistor 
of 50 kft, the reduction 
is to about 6-7 per 
cent. The resistor is 
nearly as good as 
the choke, and as it is 
cheaper it is often used. 
It should be noted 
that the alternative 
arrangement of 
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components showm in Fig. 7.6 is not nearly as good, for the r.f! 
input to the filter is very nearly the full voltage across the 
tuned circuit, whereas with the arrangement of Fig. 7.5 only 
the r.f. voltage set up across Ci is applied to the filter. As 
regards the proportion of r.f. in the output, this circuit is 
about ten to twenty times as good as that of Fig. 7.6 ; the latter, 
however, can rarely be avoided in a straight set, for the tuning 
arrangements demand one side of the tuned circuit being 
earthed. 

The method of Fig. 7.7 can, of course, be used in either 
straight set or superheterodyne, and it has all the advantages 
of the basic circuit of Fig. 7.5, being actually the same save for 
the point at which it is earthed and the point from which the 



Fig. 7.7 i'" Even v^ith a straight set, good r.f. filtering can be secured by adopting 
these connections 
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a,f, output is taken. It is often incom^enient to be unable to 
earth the cathode of the valve, however, and it cannot be used 
in a battery set unless the diode be replaced by its equivalent, 
a metal rectifier, or a germanium crystal valve. Indirectly- 
heated cathode valves with a small enough heater current for 
battery operation are very rare. 

Now it can be seen that with the degree of filtering commonly 
employed there is an appreciable r.f. or i.f, component in 
the output of the filter. Any coupling to early stages may 
consequently result in instability and this is particularly likely 
to be the case when the input frequency is low and resistance- 
coupled a.f. amplification is used. A good resistance-coupled 
amplifier will give appreciable gain at iro kc/s and it may pass 
to some extent frequencies as high as 465 kc,'S. Unless the 
detector filtering is exceptionally good, therefore, r.f. or i.f. 
currents may appear in the output circuit of the a.f. amplifier 
in sufficient magnitude to cause instability if fed back to the 
input. 

It is usually important, therefore, to keep the loudspeaker 
leads well away from the aerial and also from exposed parts of 
the receiver, while the aerial should not be permitted to pass 
close to the detector and a.f. circuits. It should not be thought 
that the necessity for these precautions, which amply demon- 
strates the presence of r.f. currents in the a.f. circuits, is 
evidence of bad design, however. The steps necessary for 
almost perfect isolation 
of the circuits are well 
known but, unfortun- 
ately, impracticable in 
broadcast receivers. A 
well-designed multi- 
stage filter in the detector 
output circuits and 
separate complete screen- 
ing of the r.f., detector, 
and a.f. stages is really 
necessary, but would 
make the equipment ex- 
pensive and cumber- 
some. 

Before concluding 
these remarks on 
instability, it may be as 
well to mention a few 
of the lesser known 





Fig. 7.8 : In a.c, sets (a) capacitors from heater 
to chassis reduce couplings caused by the heater 
wiring, and in battery sets (fa), a capacitor 
across the valve filament has the same effect 
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ways in w^hich unwanted coupling may occur. It is well Imown 
that, to be effective, screening must be properly earthed ; it is 
not so generally known that if screening is not earthed it may in 
certain circumstances not only be inefficient as a screen, but 
actually introduce coupling. The heater and filament wdring 
of a set may also be responsible for instability and where this 
is suspected it is a good plan to connect by-pass capacitors to 
earth as shown in Fig. 7.8. The capacitors should be mounted 
as closely as possible to the valve concerned and have a value 
of about 0*1 ^F. In short-wave sets, however, 0*01 fiF may 
be more effective and at very high frequencies, say, above 
40 Mc/s, o-ooi fiF is a common value. In this last case it is 
also common to find chokes connected in series with the heater 
leads. Sometimes such chokes are wound on formers, but 
sometimes they are no more than a quarter-wavelength of 
connecting wire coiled up with a diameter of about i in. 

Even in a.c. sets it is now common to find one side of the 
heater connected directly to the chassis as in a battery set, 
instead of isolating both sides and earthing a centre-tap on the 
heater supply. This rarely introduces hum, and has the great 
advantage of making the heater wiring much more nearly dead 
at radio-frequency. When it is adopted, capacitors across the 
heaters are rarely needed except at v.h.f., for the live heater 
lead is fairly well earthed to radio-frequency through the valve 
heaters themselves. They are sometimes necessary in short- 
wave equipment, however. 

In general, capacitors are less likely to be needed across 
valve heaters than across the filaments of battery valves. In 
an indirectly-heated valve, the cathode and heater are separate, 
and the heater circuit only picks up r.f. currents incidentally, 
but in a directly-heated valve the filament is the cathode and 
necessarily carries r.f. current. 
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CHAPTER 8 


FREQUENCY AND AMPLITUDE DISTORTION 

T here are two main types of distortion which may be 
encountered in receivers and amplifiers — frequency distor- 
tion and amplitude distortion. Both are always present 
to some degree, but in the highest grade apparatus they should 
not be detectable even when a direct comparison with the 
original can be made. Probably as much as 99 per cent of the 
apparatus in use to-day, howwer, distorts to an appreciable 
degree. 

The type of distortion most widespread is frequency 
distortion and it is fortunate that the ear can tolerate, and 
become accustomed to, quite a large amount, for interference- 
free reception of anything but the local station ^vould otherwise 
be an impossibility. In the majority of receivers now sold 
frequency distortion is deliberately introduced in order to 
avoid interference, such as heterodyne wWstles and sideband 
splash, for there is no known method of eliminating this type 
of interference without also removing the higher musical 
frequencies from the wanted transmission. 

Ideally, the whole range of frequencies from 30 c/s to 
15,000 c/s should be evenly reproduced. In practice, fre- 
quencies above 10,000 c/s are of little importance and it is 
possible to restrict the response to about 8,000 c/s before any 
really noticeable deterioration in quality takes place. If the 
cut-off occurs at a lower frequency than this, however, the 
change in quality becomes noticeable to all but the uncritical, 
and as the cut-off frequency is low^ered the reproduction at 
first loses its brilliancy, then becomes lifeless, and finally 
mulBfled, so that speech loses much of its intelligibility. 

Few sets, of course, give a sharp cut-off at their nominal 
upper limit of response and the falling-off at high frequencies 
is usually gradual. The majority of small superheterodynes do 
not give much output at frequencies higher than 4,000-5 ,000 c/s , 
and when the tone control is in operation there is very little 
output above 3,000 c/s, so that the reproduction can then be 
only a travesty of the original. 

Such sets, however, in spite of their defects from an idealistic 
point of view, can give very acceptable results and most 
listeners are satisfied with the performance. Many, indeed, 
seem to prefer a severe cut in the top response, and it has 
often been a matter of wonder at the number of people w^ho 
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operate a set with the tone control permanently in the top-cut 
position when at its best the set is incapable of giving any real 
high-frequency response ! The reason usually given for this 
is that such people are incapable of appreciating musical quality. 
The author does not agree with this, hovrever, and in his view 
there is often justification for the extreme top-cut so often used. 
He believes that the tone control is turned down ’’ to reduce 
the amplitude distortion which is so often prevalent in the less 
expensive receivers. One result of amplitude distortion is to 
introduce harmonics, and as they are of higher frequency than 
the fundamental, they are reduced by cutting the treble response. 

Three things combine to make the reproduction of many 
small receivers unsatisfactory. The first, and least important, 
is the sideband cutting in the i.f. amplifier, which restricts the 
response to about 4,000-5,000 c/s. The second is a large peak 
in the loudspeaker response curve around 2,000-3,000 c/s. 
The third is the large amount of amplitude distortion introduced 
by the usual pentode output valve in conjunction with the 
usual small output transformer, and also by some a.g.c. 
systems. 

A pentode is often operated to give 10 per cent 3rd-harmonic 
distortion at full output. At low frequencies it may well give 
more because the output transformer often has too small a 
primary inductance to maintain the load on the valve. The 
transformer itself can easily introduce 10 per cent distortion, 
and again 3rd-harmonic, at low frequencies. A low primary 
inductance can even result in a discontinuity in the valve 
dynamic characteristic at low frequencies ; when this occurs 
very high order harmonics are generated. 

The peak in the speaker response — which sometimes reaches 
20 db — accentuates the percentage harmonic distortion in the 
case of certain input frequencies. Thus, if the valve gives 
2 per cent distortion of a i,ooo-c/s note, the 20-db loudspeaker 
peak at 3,000 c/s will bring the audible distortion up to 20 per 
cent. At 150 c/s too small a primary inductance in the trans- 
former may result in a discontinuity in the characteristic. 
There might then be, say, o *i per cent 20th harmonic generated. 
The speaker resonance would increase this to i per cent — 
quite an appreciable amount for such a high order hsumonic. 

The audible effect of the combination of amplitude distortion 
and speaker resonance is to make the reproduction harsh, but 
apparently brilliant. Reducing the high-frequency response by 
the tone control partly offsets the effect of the speaker resonance, 
but at the expense of nearly all frequencies higher than the 
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resonance, and by doing so it reduces the amplitude distortion 
to the level of the valve and transformer alone. 

The net effect is much smoother reproduction, and most 
people prefer it. This does not mean, however, that they do 
not appreciate a wide frequency response. It means merely 
that they object to amplitude distortion much more than they 
dislike the lack of the upper frequencies. The author has no 
doubt that the full range of musical frequencies would be 
appreciated if it could be obtained with a veiy^ low level of 
amplitude distortion, with an absence of marked loudspeaker 
resonances, and without interference. Normally it is only in 
local reception that it is possible to obtain the full frequency 
response with freedom from interference, no matter how^ much 
one is prepared to spend on apparatus. 

In a set for general purpose use, the dictates of selectivity 
limit the response to about 5,000 c/s. To make the best of this 
limited range, it is necessary to have %vell-designed i.f. circuits 
with a fiat pass-band of some 10 kc/s and a very sharp cut-off. 
The loudspeaker must be free from any marked resonances, 
and amplitude distortion must be kept to a very’ low level indeed. 
In some of the older receivers, the reproduction can often be 
greatly improved by fitting a more satisfactory loudspeaker, 
changing the a.g.c. system to a n'pe which does not cause 
amplitude distortion, and providing the output stage with 
negative feedback. This last sometimes entails the addition 
of an extra a.f. stage. 

These remarks must not be thought derogatory of the set 
designers. Technique continually advances and results can 
now be obtained which would have been impossible ten years 
ago. Then the designer nearly always has a limit of cost within 
which he must keep and do the best he can. The result is that 
it is nearly always possible to improve a set if one is prepared 
to spend money in doing so. 

It is now necessary to consider those faults which may occur 
in a set through a breakdown in some component and which 
result in increased distortion. There are actually few which 
can cause a loss of the higher musical frequencies, although a 
short-circuit across the variable resistor of a tone control 
circuit would certainly do so. Short-circuited turns in an a.f. 
transformer may also affect the response at high frequencies, 
but will usually do so more noticeably at low frequencies. 

The response at low frequencies is much more likely to be 
affected by defects which can develop in a receiver. An internal 
open-circuit in the coupling capacitor of a resistance-coupled 
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Fig. 8.1 : A tone control can readily be fitted to any receiver by connecting 
a variable resistor R and a capacitor C across the coupling (a) or transformer 

primary (b) 


Stage, for instance, results not only in a large drop in volume 
but in a complete absence of the lower musical frequencies. 
Open-circuits in anode-circuit decoupling capacitors also 
affect the bass appreciably because feedback is introduced. 
The effect may be either an increase or a decrease in bass, 
however, according to the phase of the feedback. 

An open-circuit in a bias-resistor by-pass capacitor does 
not usually affect the frequency response, but only causes a 
general drop in the amplification; a reduction of capacitance, 
however, will certainly cause the low frequencies to be attenuated. 

As distinct from distortion which is a defect in a receiver, it 
is often desired deliberately to introduce frequency distortion 
of a particular kind in order to compensate for some defect or 
to make the reproduction more suited to the acoustics of a 
particular room. The ordinary tone control is one example of 
this nature, and as usually fitted it enables the upper frequency 
response to be reduced. If a receiver is not equipped with 
such a control, it is an easy matter to fit one by connecting the 
series combination of a variable resistor and a capacitor across 
an a.f, coupling as shown in Fig. 8.i for resistance coupling (a) 
and transformer coupling (fe). 

The values of the components depend not only upon the 
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range of control required but also upon the impedance of the 
circuit across which they are connected. In general, a satis- 
factory value for the resistor is 0*25 MH, and the capacitor 
should be found by trial for the range of control desired* 
A common value for the capacitor is o*oi juF with transformer 
coupling and for resistance coupling also when the coupling 
resistance has a high value. When a low value of coupling 
resistance is used, however, the capacitor must be larger and 
0*02 [jlF may be needed. This value is also often suitable 
when the tone control is connected across the output trans- 
former primary, but the resistor can then be reduced to some 
50 kn. 

An accentuation of the treble can be obtained if an inductance 
is inserted in series with the capacitor, and the resistor has a 
fairly low value. The discrimination in favour of the higher 
frequencies is only obtained at the expense of amplification, 
however, so that varying the control resistor has a large effect 
on the volume. In general, the inductance should be about 
0-I-0-2 H and the resistor 1,000-5,000 Q. with C = 4 [JiF. 

The tone control circuit of Fig. 8.1 may be used to accentuate 
the bass response with no alteration except to the values of 
components. The capacitor C must then be large, o*i fiF or 
so, and the resistor low, i ,000-5,000 Q. Here again, a variation 
in the value of the resistor has a large effect on the amplification. 

It should be understood that both these accentuation circuits 
must only be employed in the early stages of an amplifier 
where the amplitudes are low, otherwise serious amplitude 
distortion may occur. They both reduce the amplification by 
at least the amount of compensation required, so that their 
use will often necessitate the addition of an extra stage. Further 
details of such circuits are given in Chapter 25. 

Amplitude Distortion 

The second type of distortion is also quite common and far 
less tolerable. Amplitude distortion occurs through non- 
linearity in some part of the receiver, usually a valve, but iron- 
cored chokes and transformers can cause such distortion, and 
it makes the reproduction of a harsh rasping character, par- 
ticularly at large volume. When valves are correctly operated, 
the degree of distortion which they introduce is quite small 
provided that the input signal voltage does not exceed a certain 
figure. 

The amount of distortion is measured by the amplitudes of 
the harmonics relative to the fundamental frequency and is 
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expressed as a percentage. It is usual to take the overload 
point of a triode as the one at which the second harmonic is 
5 per cent of the fundamental, and of a pentode when the 
square root of the sum of the squares of the second and third 
harmonics is lo per cent of the fundamental. 

This degree of distortion is usually considered tolerable, but 
for the finest results the distortion in each stage should be kept 
much lower, otherwise the total will be excessive. When com- 
paring figures for the power output of valves, however, care 
should always be taken to see that the figures 'are all for the 
same degree of distortion, for the above definitions are not 
always adhered to. 

Check Voltages and Currents 

Such points are of minor importance in service work, how- 
ever, for the distortion which has to be remedied is usually a 
defect which has occurred in previously good apparatus. 
Where distortion is encountered, the first step should always be 
to check over the voltages and currents of all valves, not for- 
getting the filaments or heaters, for the commonest cause of 
distortion is a defective valve, or a defect in the circuits supplying 
a valve, which has resulted in incorrect voltages being applied 
to it. Most distortion, therefore, will be automatically located 
during the initial routine tests, and once the cause has been 
found a remedy is usually easy. 

It is useful to remember that with class A amplifiers, dis- 
tortion caused by a valve is nearly always accompanied by a 
change in the anode current. Much information can be 
gained, therefore, by connecting a milliammeter in the anode 
circuit of the suspected valve and watching it when a signal is 
applied. For complete freedom from distortion the meter 
needle should remain perfectly steady, but in practice when 
the volume is at a normal level the needle will kick slightly on 
loud passages of music. Slight kicks are thus unimportant, 
but even on loud passages, the change of anode current should 
not be allowed to exceed about 5 per cent of the standing 
current. 

With triode valves, when dealing with resistance-coupled 
amplifiers or with transformer-coupled stages having grid- 
circuit decoupling, it is often possible to determine the cause 
of the distortion from the" direction in which the meter needle 
kicks. With a valve having a high resistance in its grid circuit, 
an upwards kick of the meter needle indicates that the distortion 
is occurring through anode-bend rectification; that is, the valve 
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concerned has too low an anode voltage, too high a grid bias, 
or too small an anode -circuit load impedance. 

On the other hand, if the meter needle kicks dowmwards, the 
valve is passing grid current on the positive peaks of the signal, 
and this is a sign that the grid bias is insufficient. When dealing 
with pentodes, however, a decrease in the anode current does 
not necessarily mean grid current, for it can also occur through 
incorrect anode-circuit conditions. 

Resistance-coupled pentode intermediate stages are much 
more likely to cause distortion than triode stages because their 
operating conditions are more critical. The anode coupling 
resistance, the screen-feed resistance and the cathode-bias 
resistance are all closely inter-related, and it is usually very 
important that the screen voltage should be lower than the 
anode voltage. An anode-coupling resistance of o*i-“0*5 MO 
is often adopted and the anode is only about 6o V positive. 
The screen must then be at about 20-30 V only and accordingly 
the screen-feed resistance is about 0-3-2 MO, With such 
low voltages the currents are low, and a high value cathode-bias 
resistance is needed to give the necessary bias — it is often 
2,000-5,000 0. 

Any large increase or decrease of the resistance values, 
especially the ones in the screen and cathode circuits, can result 
in appalling distortion, for the working point is easily shifted 
on to the bends in the characteristic. On account of the high 
values of resistance voltage checks are not always of much 
help, for the voltmeter itself draws too much current. The 
best way is to check the resistance values with the ohmmeter, 
and then to measure the currents with the milliammeter. The 
actual voltages are then easily calculated. 

Class AB and Class B Stages 

As already stated most types of amplitude distortion occurring 
in a.f, circuits are readily detected by the usual meter tests. 
An exception occurs when dealing with class AB and class B 
output stages, for with these it is normal for the anode current 
to rise with a signal. The definitions of these types of amplifier 
are given in Appendix i, and it will be seen that each type can 
be sub-divided into two according to whether or not it is 
driven into grid current. The subscript 2 indicates that 
grid current is permitted. 

These systems are not often found in a.c. broadcast receivers. 
They occur chiefly in p.a. amplifiers, but they are likely to be 
found in any equipment with an output exceeding about 
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IS watts. For broadcast use they are commonest in 
battery sets. 

It should be understood that these systems are really some- 
thing of a compromise between quality and economy of power 
supply. They can only give perfect results when valves and 
components are also perfect. This applies, of course, to any 
arrangement, but the effects of small departures from perfection 
are much more serious than is the case with class A amplifiers. 

The usual cause of distortion developing in battery-operated 
class AB and class B amplifiers is nothing more serious than 
an ageing h.t. battery. As a battei^ grows old, not only does 
its voltage fall but its internal resistance rises, and it is this 
increase of internal resistance which has such a serious effect 
upon the quality of reproduction. With class A amplifiers it 
has little effect, for the average current is constant, but with 
quiescent output stages resistance in the h.t. supply causes the 
h.t. voltage to fluctuate in sympathy with the anode current 
variations, whereas it should remain constant. An h.t. battery 
which may still be good enough for a satisfactory performance 
with a class A amplifier may thus have to be discarded when a 
quiescent type of output stage is employed. 

Parasitic Oscillation 

Apart from the h.t. supply, the only defect which is likely 
to develop in such amplifiers is greater deterioration in one 
valve than the other or in one-half of the output valve than 
the other where a double valve is used. When distortion is 
very severe, one should always check the anode currents of the 
two sides of the output stage. Class B valves are often two 
triodes, and Q.P.P. for class AB) valves two pentodes, built 
into a single bulb, and the filaments of the two valves are 
connected in parallel. It is, therefore, quite possible for one 
filament to break without the other, and the receiver will 
continue to function in spite of this, but there will be severe 
distortion. 

A check of the anode currents is the easiest method of 
testing for this, and if it is found that one side passes no current 
it is certain that one filament is broken, provided that everything 
else is in order. 

Excessive grid bias is another cause of distortion with such 
valves, and in the interests of quality it is inadvisable to make 
the initial anode current very small. It is often thought that 
this quiescent current can be as low as 1-2 mA, but in general 
a considerable improvement in quality is evident when the 
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Fig. 8,2 : When the stage is not driven to grid current a resistance R is advisable 
to prevent parasitic oscillation 


grid bias is reduced slightly so that it is some 3-5 mA. The 
improvement is particularly noticeable at low volume. 

One of the greatest bugbears of quiescent output stages is 
parasitic oscillation. It is difficult to trace because it may not 
be present in the quiescent condition but only on the peaks of 
the signal, and it is difficult to cure because many of the usual 
remedies are inapplicable. Anode-circuit stopping resistances 
cannot be used because of the fluctuating anode current, but 
with a class ABj or class Bi stage it is permissible to employ 
stopping resistances in the grid circuit. It has been found, 
however, that resistances in each grid lead are not always as 
effective as a single resistance in the lead to the centre-tap on 
the input transformer as shown at R in Fig. 8.2. 

The value of this resistance is not critical and satisfactory 
results are usually secured when it is about. 150 kO; it should 
not, in general, be lower than this figure. The by-pass 
capacitors C in the anode circuit are also advisable in roost 
cases, partly to prevent the load on the valve from rising to an 
excessive degree at high frequencies, but chiefly because they 
also tend to prevent parasitic oscillation. They are usually 
given a value of 0*005 fiF each, and if these capacitors are 
employed in conjunction with the grid circuit resistor R little 
trouble from parasitic oscillation will usually be experienced. 
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The difficulties with a class ABg or class output stage are 
considerably greater, however, for since grid current flows it is 
not permissible to connect resistors in series with the grid 
circuit. It is customary to connect capacitors of about o *005 /xF 
across each half of the output transformer primary for the 
same reasons as in the case of a class ABi or class Bi stage; 
these are indicated as'C2 in Fig. 8.3, which shows the driver 
and output stages. The centre-tap of the driver transformer 
secondary must be joined directly to the bias battery, if the 
valve is of the type requiring a negative grid bias, or to — Lt. 
if it is not. 



Fig. 8.3 : The connection of resistors and capacitors across the driver transformer 
of a class ABg or class B 2 stage is sometimes necessary 


The resistors Rj and capacitors Ci are usually omitted, 
but if parasitic oscillation is present, their addition may eflFect 
a cure. The capacitors should be tried first and the optimum 
value is psually about o-oi /xF, but really depends on the input 
impedance of the output valve. Larger capacitances are per- 
missible with valves operating with zero grid bias than with 
types requiring a negative bias. 

Damping the Driver Transformer 

If the addition of the capacitors proves ineffective, the 
resistors Ri should be tried also. Here, again, the value 
depends upon the input impedance of the valve and a lower 
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value can be used with the zero-bias type of valve than wdth the 
negative-bias kind. The resistors, moreover, absorb power 
which must be supplied by the driver so that when they are 
used, and particularly when they are of low value, a larger 
driver valve or an increase in its anode voltage, or both, may be 
necessary to prevent overloading in the driver stage. In general, 
the resistors Ri should be about 5-10 kQ, 

One factor which gready tends tow’ards the production of 
parasitic oscillation is leakage inductance in the driver and 
output transformers. Some leakage is always present, but 
care should always be taken to select good quality components 
in which the leakage inductance has been reduced to a minimum 
by the proper sectionalization of the windings. 

The Detector 

Distortion is by no means confined to the a.f. stages, how"- 
ever, and the detector is a prolific source. Grid detectors have 
a bad name for quality, but this is only justified w-hen the 
operating conditions are incorrect. Properly used, the grid 
detector is very nearly free from distortion ; it is certainly 
much better than the anode-bend detector and introduces no 
more distortion than a good diode detector. The grid detector, 
in fact, is nothing more than a diode detector and a triode a.f. 
amplifier in which a single electrode — the grid — serves as a 
diode anode and as the control electrode of the amplifier. 



Fig. 8.4 : The circuit of a typical grid detector 
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For correct operation, therefore, the grid circuit must be 
designed for detection and the anode circuit for amplification. 
In order to obtain distortionless reproduction the signal input 
should be large, the grid capacitor Ci (Fig. 8.4) should not 
exceed 100 pF and the grid leak Ri should not be greater 
than 0-25 Mfi, In a mains set, the grid leak must be returned 
to cathode, but in a battery set it should normally be taken to 
positive l.t. To obtain distortionless amplification in the 
triode action of the valve, the signal input should be small, 
the anode-circuit load impedance high and the anode voltage 
high. 

It will be seen that one of the requirements for dis- 
tortionless detection in the grid circuit is just the opposite 
of one of those for distortionless amplification, and this is 
the weak point of the grid detector. If the input required 
for distortionless detection is greater than the maximum for 
distortionless amplification, distortion is inevitable, but if 
the converse is true, then there need be very little, if any, 
distortion. 

The minimum input for distortionless detection varies very 
little from valve to valve and there is little which can be done 
to alter it. The maximum input which the valve can accept 
as an amplifier, however, is easily controlled and increases 
with the anode voltage. A valve with a low amplification factor 
is also advisable. 

In general, practically perfect detection will be secured if 
the anode voltage is adjusted so that, with no signal, the valve 
passes an anode current of 6-10 mA, the higher the better, 
and the signal input is of such a value that the current falls 
by about 20 per cent on the application of a signal. Both post- 
and pre-detector volume controls are thus really necessary for 
the highest quality together with a milliammeter permanently 
wired in the detector-anode circuit. The pre-detector control 
should be used to adjust the detector input to the optimum 
value for any station, as indicated by the meter, and the post- 
detector control should be employed to adjust the volume to 
the required level. 

When used with a small signal input, the grid detector, in 
common with both anode-bend and diode detectors, will 
introduce considerable distortion which may be as high as 
25 per cent. A large input is always needed for distortionless 
rectification, and the great advantage of the diode detector is 
that there is no factor in the detector which limits the input 
permissible. 
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Anode-Bend Rectification 

With anode-bend rectification it is necessary to avoid any 
flow of grid current if distortion is to be avoided, and the best 
results are usually secured by employing a valve of moderate 
internal resistance with a high anode voltage and a value of 
grid bias sufficient to reduce the anode current to about 0‘i mA 
with no signal. The anode current rises with a signal and, 
just as in the case of the grid detector, there is an optimum 
change of anode current for quality. It is hardly possible to 
give even an indication of this optimum figure, how^ever, for it 
is dependent on so many factors w^hich var^- from set to set ; 
it will, however, rarely exceed i mA. 

The diode detector performs only one action, that of detecting, 
and gives no amplification at all. In the ideal case it has no 
overload point, but in practice an upper limit is sometimes set 
to the input by the risk of a breakdown in the diode if this 
voltage is exceeded. Most diodes, however, even the small 
ones fitted to multiple valves, will withstand an input of 50 V 
or so safely, and some of the duo-diodes as much as 200 V. 
In the ordinary receiver, therefore, the diode detector input is 
not critical, and the detector will not introduce appreciable 
distortion as long as the input exceeds a certain minimum 
figure. This lower limit varies with different diodes and their 
operating conditions and may be as small as i V or as high 
as 10 V. 

A p^ical diode detector is shown in Fig. S.5. Although 
practical circuits may differ somewhat in detail, particularly when 
multiple- valves are used, 
the connections are 
always based on this 
diagram. The require- 
ments for correct opera- 
tion are that the load 
impedance to modula- 
tion frequencies shall be 
high compared with the 
diode impedance, and 
roughly constant over 
the whole range of 
modulation frequencies, 
while it shall not be 
greatly less than the d.c. 

resistance. The Fig. 8.5 : The diode detector is almost universal 

impedance at the in modem receivers 
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carrier frequency, how- 
ever, should be small. 

The load at very low 
frequencies is provided 
by the resistor 
which is also the d.c. 
resistance of the load. 
Maximum linearity is 
obtained when it has a 
high value, but at high 
modulation frequencies 
it is shunted by Ci and 
C2. The reactance of 

Fig. 8.6 :The solid line curve represents the nornrtal the former represents 
characteristic of a diode, but if the emission fails .1 •• 1 ^ ^ 

the curve assumes the form of the dotted line loaa at the carrier 

frequency and must be 
as small as possible. The reactance of C2 must also be kept 
small, otherwise the filter circuit is of little benefit. There is 
consequently a maximum value for Ri when the highest quality 
is required. Normal values for Ci and C2 are joo pF with Ri 
about 0-25 MQ; sometimes, however, the values are four or 
five times as large, but there is then likely to be some loss 
of quality. 

Even ignoring the shunting effect of the capacitances, how- 
ever, the resistor R2, which is normally the volume control, 
can cause distortion, for it is effectively in parallel with Ri as 
far as modulation frequencies are concerned and the a.c. im- 
pedance of the load circuit is less than its d.c. resistance. It 
can be shown that when Rg is four times the value of Ri, dis- 
tortionless rectification can be secured for modulation depths up 
to about 80 per cent and this is quite good enough even for 
high quality apparatus. Thus, when Ri is made 0*25 Mfi, 
Rg should not be less than i M £ 2 , The coupling capacitor C3 
is, of course, chosen in relation to Ra just as for a resistance- 
coupled amplifier, and a normal value is 0'Oi-o*i /jlF. 

Few defects are likely to arise in a circuit of this nature, 
apart'^from open or short circuits. It should be remembered, 
however, that if Rg changes its value so that it is no longer 
large compared with Ri, distortion will be evident and will be 
severe if R a is much smaller than Ri. A short-circuit between 
the slider and the upper end of Ra causes severe distortion at 
low volume, but has no effect at full volume. One other fault 
may be found and this lies in the diode itself.. The normal 
characteristic is of the form shown by the solid line of Fig. 8.6 
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3Ut, should the emission fail either through age or through an 
Dverload, it assumes the form of the dotted curve and distortion 
s likely to be severe with large detector inputs, while the 
ifEciency falls off. 

Pre-Detector Stages 

Turning now to the r.f, or i.f. side, serious distortion may 
easily occur in these stages. This is not as well known as it 
should be, for although the frequency distortion caused by 
excessive selectivity is usually recognized, few realize that 
amplitude distortion may be quite as great in these circuits as 
in the a.f. stages. 

Trouble rarely occurs w’hen receiving weak signals, and it is 
normally at its worst in local-station reception, and particularly 
when the aerial system is good. If the set is not fitted with 
a.g.c., the Erst valve is more likely to be responsible than the 
last r.f. or i.f. amplifier, but it is not necessarily at fault, since 
the trouble can arise in any stage. If the set has a.g.c., how- 
ever, the last stage is usually responsible. 

Variable-mu valves are, of course, practically essential when 
volume is controlled, as it always is nowadays, by varying the 
grid bias, and valves with long grid bases are often better than 
those requiring only a small bias for anode current cut-off. 
Whatever arrangement is used, however, it should be under- 
stood that an overload point always exists ; there is a certain 
signal strength which must be considered a maximum for that 
set, and distortion, and often reduced volume, will be found if 
a stronger station is tuned in. 

Controlling the Input 

With a good set containing no defect, such trouble is not 
likely to be found at more than lo miles or so from a local 
station and then only when a particularly good aerial is used. 
Two remedies of a simple nature are available. The first is to 
fit a local-distance switch to reduce the input to the set for 
local reception. There are many ways of doing this, but one 
of the best is to fit a make-and-break switch to connect a 
resistance between the aerial and earth terminals. The value 
of the resistance should be found by trial, since the optimum 
value depends on local conditions. It will, however, normally 
be of the order of loo Q. 

The second remedy is better in that it involves no additional 
control and it reduces any interference caused by the local 
stations ; it is particularly valuable with superheterodynes, for 
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it greatly reduces any tendency to whistle production. It 
consists of connecting a wavetrap in the aerial circuit and tuning 
it precisely to the local station. If there are two local stations, 
two wavetrap s should be used. 

There are, however, faults in the receiver which can cause 
distortion in the reception of local stations. Defects of this 
type which cannot be located by the usual voltage and current 
tests are most likely to reside in the a.g.c. system. Open- 
circuited resistors, short-circuited or leaky by-pass capacitors, 
or an open-circuited capacitor feeding the a.g.c. diode may be 
responsible. A defective a.g.c. diode itself, however, may be 
the cause, and this is particularly likely to be the case if the 
receiver functions normally on all but the local stations. 

It is easy to see that if the diode loses its emission, the set 
will function normally provided that the signal voltages are not 
so great as to cause the a.g.c. diode input to pass beyond the 
straight part of the dotted curve of Fig. 8.6. On strong signals, 
however, a limit is soon reached to the possible a.g.c. bias, 
and overloading occurs in an early stage, whereas the bias 
would continue to rise with a good diode having a characteristic 
like that shown by the solid line. . 

Some a.g.c. systems inherently introduce amplitude distor- 
tion. They are usually particular varieties of delayed diode 
systems, and although they were considered satisfactory some 
years ago they are not now to be recommended. The circuits 
in question are dealt with in Chapter i6, and where one is found 
to be causing distortion one of the more modern alternatives is 
recommended . 
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CHAPTER 9 

BACKGROUND NOiSE AND LOCAL INTERFERENCE 

T he average listener finds nois}" reception far more irritating 
than many other faults, but there are so many possible 
causes of noise, that the mere statement that a receiver is 
noisy is of no help in diagnosis. It can be one of the easiest 
of all defects to trace, but it can also be the most difficult ; 
a cure, in fact, is not always possible. 

The commonest cause of noise is a loose connection and it 
is the easiest to trace, for in nearly every case it can be located 
by tapping every part of the set in turn. The noise takes the 
form of a characteristic crackle which is readily recognizable. 
It should not be forgotten, however, that trouble of this nature 
may not always lie in the receiver itself. 

In a battery set, the h.t. and l.t. leads should be suspect, 
and in a mains set the mains flex should not be overlooked. 
The aerial and earth must always be remembered, particularly 
when the noise is intermittent. The author has come across 
many cases of noisy reception and intermittent changes of 
volume being due to nothing more than a down-lead wire 
rubbing against a gutter, or a bad connection at the lead-in. 

Never forget to examine the earth lead. This is just as 
important if the earth connection has been recently installed 
as it is when it has been there for years. Gardeners seem to 
consider an earth as a new variety of weed and treat it accord- 
ingly ; if they do not uproot it entirely, they try the effect of 
their pruning shears on the earth lead. 

The difficult types of noise may be divided into two classes, 
those which occur in the receiver and those which are external 
in origin. The internal noise is usually in the form of a hiss 
which appears whenever a signal is tuned in and may be of 
great intensity. It is commonly known as superheterodyne 
hiss, but it is by no means a monopoly of the superheterod5me, 
and this name for it is really an undeserved Ubel on this excellent 
receiver. 

The limit is reached when the noise voltage on the grid of 
the first valve, due to thermal agitation of the electrons in the 
conductors forming its grid circuit, is of the same order as the 
signal voltage. Actually, the signal must be rather stronger 
than this, for the first valve also introduces some noise. At the 
present time, the limit for a well-designed set is reached with a 
sensitivity of about i ftV. That is to say, if a set has this 
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degree of sensitivity it will give standard output for a signal 
producing i /xV between the aerial and earth terminals, but the 
internal noise will, in practice, be inevitably of the same order. 
It is, therefore, useless to attempt to receive weaker signals, for 
they will be swamped by the set noise. 

_ It should not be thought, however, that a set of high sen- 
sitivity will give more noise on strong signals than one of low 
sensitivity. It will not, for the two sets will have the same 
sensitivity on that particular signal, since the amplification will 
be reduced either by the a.g.c. system or by the manual gain 
control. Actually, the highly sensitive receiver may be slightly 
the quieter since it is not so likely to be operating near a point 
of instability. 

In any case, however, with a given set the background hiss 
increases as the signal input to the set is reduced. It is, there- 
fore, irnportant to use as good an aerial as possible and to 
couple it to the set efficiently. 

These remarks apply to all sets, straight and superheterodyne, 
and if both sets are properly designed there is nothing to choose 
between them on the score of background hiss. In practice, 
however, the superheterodyne is more liable to develop excessive 
hiss than the straight set, and it is this excessive hiss which is 
important, for it is as much a fault as a loose connection. 

There is no doubt whatever that the commonest cause is a 
defective valve, usually the frequency-changer, but it ma y be 
caused in some degree by any defect in the pre-frequency- 
changer circuits which has the effect of reducing the efficiency. 
Next in order comes parasitic oscillation. This is usually un- 
suspected and is unfortunately rather difficult to trace, but the 
author believes it to be responsible for much background noise. 
It can occur in r.f. or i.f. stages, but is more likely to be found 
in the oscillator. 


Parasitic R.F. Oscillation 

When parasitic oscillation occurs in an r.f. or i.f. stage it 
may usually be stopped by inserting suitable resistors in the 
grid and anode circuits just as in the case of an output valve. 
The resistors should be non-inductive and of low capacitance — 
the ordinary metallized or compound resistors are suitable — 
and mounted as closely as possible to the grid and anode. 
With care the leads tb the resistors need not exceed a quarter 
of an inch. The grid resistor can usually have a value of 
10-50 fl, and the anode resistor can be about the same. A 
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similar resistor in the screen circuit is sometimes needed, 
especially in the case of a multi-grid frequency changer. 

Parasitic oscillation is much more likely in the oscillator, for 
the operating conditions are already suitable for oscillation. 
Parasitic oscillation really means oscillation at any undesired 
frequency, but the term is usually employed to denote unwanted 
oscillation at a frequency much higher than that of any circuit 
apparently connected to the valve. Every wire in a set has 
some inductance and has some capacitance to other leads. All 
sorts of unsuspected tuned circuits may be present, therefore, 
and if they are suitably coupled oscillation may occur at very 
high frequencies — 6o Mc/s and even higher. Such oscillation 
is difficult to detect except by its adverse effect upon the per- 
formance of the receiver. 

The best method of detecting parasitic oscillation in the 
oscillator of a superheterodyne is by checking the grid current. 
Most modern frequency-changers use a grid-leak type oscillator 
with a grid leak of about 50 kfl, and the grid current is about 
o- 1-0*5 mA. If a meter having a maximum scale reading of 
about I mA is available, it should be connected between the 
grid leak and cathode, the positive terminal being joined to 
cathode. The’ reading of the meter will depend upon the 
amplitude of oscillation, the peak oscillator grid voltage being 
nearly equal to 1*2 times the product of the grid current (in 
amperes) and the grid leak (in ohms). 

As the tuning control 
is rotated it will be found 
that the current varies 
somewhat, usually falling 
at the lower frequencies, 
for it is impracticable to 
maintain the amplitude 
of oscillation quite con- 
stant over the waveband. 

The change in current, 
however, should be quite 
smooth, and if it is 
found at any point that 
there is a sudden jump * 
either up or down in the 
current, parasitic oscilla- 
tion is almost a certainty. 



If a suitable meter is 
not available for this 


Rg. 9.1 : The connection of a resistor R in 
series with the reaction coU of an osdilator will 
often cure parasitic oscillation 
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test, it may be carried out with a milliammeter connected in 
the oscillator anode circuit. With a grid-leak oscillator the 
anode current falls when the valve commences to oscillate, but 
the magnitude of the change of current is not a reliable guide to 
the amplitude of oscillation. A sudden kick of the meter 
needle when the oscillator is tuned over its band, however, 
can be taken as an indication of parasitic oscillation. 

The remedies must usually be found by trial and error ; it is 
often advantageous to rewind the reaction coil with resistance 
wire, but as this may be inconvenient it is usually as satisfactory 
to wire a resistor in series with it as shown in Fig. 9.1. Such 
a resistor R should have a value of 100-5,000 C 2 , It will, of 
course, reduce the amplitude of oscillation at the correct 
frequency, but this is not usually very important : certainly not 
if it prevents parasitic oscillation. It may be remarked that 
the choice of a suitable value will enable nearly constant ampli- 
tude to be obtained throughout the waveband. 

Local Interference 

Perhaps the most commonly encountered noises, however, 
are due to no defect in the receiver, but are of external origin 
and are usually known as man-made static. It is usually easy 
to distinguish the types, because set noises are normally in 
the form of a hiss whereas external noise is generally less con- 
tinuous and sharper in character, resembling a more or less 
continuous barrage of atmospherics. 

Such interference can be generated by any electric motor, 
other than the synchronous and squirrel-cage types, by ther- 
mostats, generators, flashing signs, automatic telephones, and 
internal-combustion engines, to mention only the chief sources. 
Whatever its source, the interference reaches the receiver in 
one or more of three different ways — by direct radiation from 
the source picked up by receiver or aeri^, by conduction along 
the supply mains, or by radiation from the supply mains. 

The best method of avoiding such interference is nearly 
always to suppress it at the source by connecting suitable 
suppressors to the apparatus causing the interference. This is, 
urdortunately, not always possible, for the sufferer is not always 
the owner of the apparatus responsible for the trouble. If 
tactfully approached, however, most owners will be willing to 
discuss the matter and few will object to the necessary sup- 
pressors being installed. 

In cases where nothing can be done to eliminate the 
interference at its source, however, it is necessary to consider 
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alternative methods. When the interference is outside the 
premises on which the receiver is operated the connection of a 
filter to the supply mains at the point where they enter the 
house is usually effective in reducing the interference^ for it 
greatly reduces both that portion which is conducted by the 
house wiring and that portion which is radiated from it. 

With d.c. mains, capacitors connected to the mains as in 
Fig. 9.2 (a) are usually satisfactory, but for a.c. supplies the 
arrangement of (b) is to be advised. The capacitors should be 
of about I and the fuses protecting them should be rated 
at 2 A. The capacitors themselves must be of good quality 
and high voltage rating. 

When fitting suppressors it is essential that the connecting 
leads be very short, for even the small inductance of a few 
inches of wire may seriously reduce the efficiency of the device. 
In no case should" the leads to the capacitors exceed 6 or 8 in 
and the earth should be good. 
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In extremely bad cases of interference it may prove necessary 
to supplement such a suppressor with choke coils. One coil 
should be connected in series with each mains lead, usually 
between the point at which the suppressor is joined and the 
house wiring. Sometimes, however, the coils are better placed 
between the suppressor and the main switch. 

When the house wiring has thus been isolated from inter- 
ference, any which remains is likely to be due to external 
radiation. If the interference persists when the aerial is dis- 
connected from the receiver, a simple filter should be tried 
across the mains feed to the receiver itself. Such a filter can 
consist of two o-oi-jnF capacitors, one being connected from 
each side of the mains to earth. If the interference still persists, 
the screening of the receiver is probably defective. 




Beliing-Lee 

Interference 

Suppressor 


When silent operation has been secured with the aerial dis- 
connected, any interference which occurs when it is in use is 
obviously due to pick-up by the aerial and its lead-in them- 
selves ; the ideal remedy is to employ an aerial which wall not 
pick up interference but which will still pick up signals. There 
is, however, no such aerial, for the signal and interference are 
both waves in space and the property of the aerial which enables 
it to respond to the one must also let it respond to the other. 

The only course, therefore, is to erect the aerial at a point 
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where it is outside the field of the interference. Little or 
nothing can be done with an indoor aerial, but an outdoor 
aerial which is at a greater distance than lo ft or so from any 
part of the house is likely to pick up little interference except 
from such serious sources as tramways, trolley buses and 
electric railways. 

Although such an aerial may itself pick up little interference, 
the lead-in, if of ordinar>^ type, will certainly do so, for it will 
pass through the field of interference. It is necessary, therefore, 
to use a special form of lead-in to prevent such pick-up. The 
simplest course is to use a screened lead-in with low- capacitance 
screened cable, the lead-in being screened the w^hole way from 
the junction with the horizontal span of the aerial to the receiver 
itself. This is not always convenient, however, for the overall 
diameter of such cable is about in to i in, and in addition to 
mechanical difficulties in its disposition, it may, in some cases, 
be considered unsightly. 

As an alternative, ordinary screened cable with an overall 
diameter of less than J in can be used with impedance matching 
transformers at each end. Suitable transformers are obtainable 
commercially, and one is mounted at the junction of the lead- 
in with the aerial while the other is fitted at the receiver itself. 
Some loss of efficiency is inevitable with all screened down-lead 
systems, but this is not usually serious over the greater portion 
of the waveband. In any case, it is a small price to pay for the 
reduction of interference. 

A screened lead-in introduces far too great a loss to be 
satisfactory for short-wave reception unless proper r.f. cable is 
employed. The alternative is to use a transposed feeder as a 
lead-in. This may also be used on the medium and long 
wavebands. As shown in Fig. 9.3, two separate lead-in wires 
are used and are run about 2-in apart, being transposed every 
I to 2 ft by using transposition blocks. Only one of the wires 
is connected to the aerial, the other being left free at its upper end. 

With this system, the aerial winding on the first timed circuit 
in the receiver requires modification, for it must be earthed at 
its centre-point and the two lead-in wires joined to the ends of 
the winding. Ideally, the winding should be electrostatically 
screened from the secondary, but this is not always necessary. 
The operation of this system depends upon the fact that each 
lead-in picks up the interference equally, but as they are 
coupled to the tuned circuit equally and in opposite phase the 
interference balances out, leaving only the signal picked up by 
the aerial proper. 
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Fig, 9.3 : An anti-incerference system employing a transposed feeder for the lead-in 


The use of a screened lead-in or transposed feeder is also the 
only practical method of countering the interference caused by 
tramways and railways, but it is not usually as effective as it is 
in the elimination of other types of interference. It must be 
remembered that these methods are only useful when it is 
possible to erect the aerial itself at a point which is free from 
interference, and this is not always possible when the trouble is 
due to trams. 

It is very often found that interference is caused by apparatus 
on the same premises as the receiver, and although the screened 
lead-in may be one remedy, it is usually better to silence the 
gear responsible ; this is not only likely to be more effective, 
but will also prevent interference in neighbouring sets. Inci- 
dentally, the mains filter already described is of no use in this 
case, and is unlikely to cause any reduction of interference in 
the same house, although it may do so in neighbouring 
premises. 

The usual offenders are fans, hair dryers, vibrators, vacuum 
cleaners, 'floor polishers, sewing machines, refrigerators, and 
the like. Vacuum cleaners and floor polishers are not usually 
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Fig. 9.^: For suppressing the interference caused by small motors the arrangement 
of (a) is often used with d.c. supplies, and that of (b) with a.c. 


important, for they are generally used only for short periods 
and in the morning. Fans and refrigerators are the most 
important, for in hot weather they are likely to be in more or 
less continuous operation. In general, the simple filters showm 
in Fig. 9.4 will prove satisfactory; the arrangement at (a) is for 
d.c. mains and that at (b) for a.c. When the frame of the 
motor is not earthed, Ci and C2 can be o*i ,uF, while for a.c., 
Cg should be O'l with C4 only o-oi /xF. If C 4 is made 
larger, there is a risk of shock on touching the metal casing 
of the motor. 


Silencing Thermostats 

Better suppression is likely to be obtained -when the frame 
is earthed, and this should always be done when possible even 
if it means the use of 3-pin plugs and a 3 -way cable in the case 
of portable apparatus. When the frame is earthed, all the 
capacitors of Fig. 9.4 can have the same capacity of o-i /xF to 
I /xF. 

In all cases, the suppressor unit should be mounted actually 
on the apparatus itself so that the leads from the capacitors 
to the motor can be very short. In this connection, it may be 
remarked that especially 
convenient suppressor 
units which are 
designed for insertion 
in the flexible leads are 
commercially obtain- 
able. 

Such simple filters 
often fail in the case 
of refrigerators, for 
D 


THERMOSTAT CONTROL 







Fig, 9.5; A resistance-capacitance circuit forms 
an effective suppressor for a thermostat 
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although they may silence the motor, they do not always reduce 
the interference caused by the thermostat. The remedy is to 
connect the series combination of a resistor and capacitor 
across the contacts of the thermostat as shown in Fig. 9.5. The 
capacitor should be o-i /xF, while the resistor should be 50-200 
Q; it is often necessary to find the best value of resistance 
experimentally, for it may be fairly critical. 

In a book of this nature no attempt can be made to deal 
in any detail with the many different cases which can arise in 
practice. The commonest causes of interference and the 
remedies have been indicated and to those wishing for fuller 
information regarding the suppression of man-made static 
three publications can confidently be recommended : '' British 
Standards Specification for Components for Radio-Interference 
Suppression Devices, ‘'Interference Suppression,"’® and 
“Radio Interference Suppression”® by Gordon W. Ingram, 
B.Sc. 

^ The British Standards Institution, Publications Department, 28 Victoria Street, 
London, S.W.i. Specification No. 613. 1940. 

^ Belling & Lee, Ltd., Cambridge Arterial Road, Enfield, Middlesex. 

® Electrical Review, Ltd., Dorset House, Stamford Street, London, S.E.i. 
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CHAPTER 10 

THE ADJUSTMENT OF GANGING— STRAIGHT SETS 

T he performance of a receiver depends very greatly upon 
the accuracy of the ganging. Each tuned circuit must 
be resonant to the incoming signal if the correct results 
are to be secured, and if one or more is mistuned both sensitivity 
and selectivity are bound to suffer. The design of circuits 
which are capable of being accurately ganged offers many 
problems which concern few but the set designer* The 
adjustment of the ganging, however, is a relatively simple 
matter and, if the receiver is in good condition and the proper 
apparatus available, it need only occupy a few minutes. 

The number of tuned circuits commonly employed in a 
straight set varies from three to six and, w^hatever signal fre- 
quency the set may be tuned to, all circuits should be resonant 
at the same frequency. In practice, this is attempted by using 
tuning coils of nominally the same inductance and a gang 
capacitor in which the sections are matched so that they are all 
exactly alike. Trimmers are fitted primarily to permit the 
equalization of the stray circuit capacitances. 

Even when the gang capacitor is at minimum its capacitance 
is not zero, but some 13-30 pF ; coils have a self-capacitance of 
7-12 pF, the valves themselves load the circuit with capacitance 
which may reach 15 pF, and the wiring may easily add 5 pF. 
The total effective capacitance with the variable capacitor at 
minimum may thus total 50-70 pF, and may exceed this unless 
care be taken in design. 

These capacitances restrict the tuning range of a receiver, for 
with coils of a given inductance the highest frequency (lowest 
wavelength) to which a receiver will tune is governed entirely 
by the value of the stray capacitances. The stray capacitances 
also govern the lowest frequency to which the set will tune, of 
course, but they do not then have so great an effect for they 
form a smaller proportion of the total capacitance in circuit. 

Now it is clear that the stray capacitances are likely to differ 
widely in different circuits, for in a given receiver one circuit 
may have two valves connected to it while another has only 
one ; one circuit may be connected to a valve of different type 
from another, and so on. Trimming capacitors are fitted to 
the circuits, therefore, in order that the capacitance of the lovr- 
capacitance circuits may be brought up to that of the highest so 
that the capacitance in all circuits will be the same. 
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It is theoretically possible by correct design to secure perfect 
ganging. In practice, it is not, for neither the coils nor the 
gang capacitor are perfect. No attempt is usually made to 
match coils more closely than ± 0-25 per cent, and sometimes 
the limit is as high as ib i per cent. The sections of the 
gang capacitor are rarely matched more closely than ±0*5 per 
cent, and more often i i per cent. Even in the best con- 
ditions, therefore, the errors are likely to be as high as ± 075 
to ± 2 per cent, which represent degrees of mistuning of 
some ± 0*375 to ib I per cent; at 1,000 kc/s, as much as 
3,750 to 10,000 c/s. 

The best settings of the trimmers, therefore, are not neces- 
sarily the ones which equalize the stray capacitances but the 
ones which lead to the best average results over the waveband. 
The audible effect of the permissible ganging errors is by no 
means as great as one might suppose, however, and the chief 
thing to be guarded against is an excess of error. This occurs 
chiefly in the gang capacitor. 

Although its sections may be accurately matched when it is 
new, they are unlikely to retain that matching after a long 
period of use. It is not as fully realized as it should be that a 
gang capacitor is quite a delicate piece of apparatus and easily 
damaged. A jar which causes no visible defect may appreciably 
affect the accuracy of the matching, and changes may occur 
after a period owing to stresses in the metal of the vanes. After 
adjusting the trimmers it is consequently necessary to check 
the ganging to make sure that it holds reasonably well through- 
out the waveband. 

The ganging is also affected by regeneration, whether this 
is due to deliberate reaction or to stray feedback effects. 
Regeneration is usually at its maximum when the set is working 
at full sensitivity and, since in normal use the full selectivity is 
then most needed, the ganging should be adjusted with the set 
in this condition. 

The Preliminary Steps 

If the set has a manual pre-detector gain control, therefore, 
it should be kept at maximum while ganging, and if it includes 
a.g.c., only a weak signal should be used so that the detector 
input is kept below the a.g.c. delay voltage and a.g.c, does 
not function to reduce the sensitivity. This, of course, neces- 
sitates the use of a proper output meter as a ganging indicator, 
or else obliges reliance on the ear. If an output meter is not 
available, however, it is satisfactory to use a larger input 
and a milliammeter or voltmeter as an indicator. 
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A test oscillator should be used and the low-potential side of 
its output connected to the earth terminal of the receiver, to 
which the earth is, of course, left connected. The high-potential 
lead should really be screened, but this is not always very 
important ; it must, however, be taken through either an 
artificial aerial or a 200 pF capacitor to a lead terminating in a 
crocodile clip so that it may readily be connected to any portion 
of the receiver without risk of short-circuit. 

In order to gang a receiver on the medium waveband, set 
the oscillator to 1,500 kc/s and clip its output lead to the grid 
of the last r.f. valve. Set the tuning capacitor in the receiver 
at minimum and adjust the trimmer on the last gang capacitor 
section for maximum response, adjusting the output of the 
oscillator to give a convenient indication on the output meter. 
Then set the oscillator to 1,400 kc/s and tune the set to it 
exactly by the main tuning control. 

Leaving the tuning control at this setting, transfer the 
oscillator clip to the grid of the preceding valve and adjust 
the trimmer on the next section of the gang capacitor for 
maximum response. As the circuit comes into resonance the 
output of the oscillator must be reduced, otherwise the output 
will be too great to be read on the output meter. When one 
circuit has been adjusted, transfer the clip lead to the preceding 
stage and adjust the extra circuits which become operative. 

In most cases, where only three or four tuned circuits are 
used and particularly when the circuits ,are already roughly 
tuned, it is unnecessary to go through the whole procedure. 
After adjusting the last circuit in the manner described, the 
output of the oscillator can be transferred directly to the aerial 
terminal and, leaving the last trimmer alone, each of the others 
can be adjusted in turn, working backwards towards the aerial, 
for maximum response. When this has been done, it is usually 
wdse to check over the adjustment of all circuits, again starting 
at the last circuit and working towards the aerial. 

If the set has a calibrated tuning dial, the first step of adjusting ' 
at 1,500 kc/s is unnecessary. Set the dial to read 1,400 kc/s 
and the test oscillator to this same frequency. With its output 
clipped to the grid of the last r.f. valve, adjust the last trimmer 
for maximum output. Then transfer the clip to the grid of 
the preceding stage and proceed as described above. 

Ganging with Reaction 

If the receiver is fitted with reaction, the trimming will be 
somewhat more difficult, for in this type of set it is affected by 
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the setting of the reaction control. In general, reaction is needed 
only when maximum sensitivity and selectivity are required, 
and it is obvious that the ganging should be accurate under 
this condition. 

After ganging in the manner described, therefore, the 
setting of the reaction control should be increased while 
retrimming the circuit to which reaction is applied, usually the 
last, until the set is nearly but not quite oscillating. 

It will be necessary, of course, to reduce the output of the 
oscillator from time to time as the sensitivity increases to keep 
the needle of the output meter on its scale. The trimming will 
also become much more critical. When reaction has been set 
fairly closely to the oscillation point, the early circuits should 
be retrimmed and it will often be found that the optimum 
settings are now more critical. 

If too much reaction has been used, the set may break into 
oscillation as the early trimmers approach their optimum 
settings and if this occurs reaction must be reduced slightly 
and the last circuit retrimmed. 

This completes the ganging if the coils and capacitors are 
well matched, and there is nothing more to be done on this 
waveband. The procedure on other bands is exactly the same 
save for the frequency at which it is done. In the case of the 
long waveband it is usually best to carry out the ganging with 
the oscillator set to about 300 kc/s (1,000 metres). 


Possible Defects 

It may be remarked at this point that the purpose of the 
initial adjustment of the last tuned circuit at 1,500 kc/s is 
merely to ensure that the set is trimmed with the right capacitance 
in the trimmers to permit the set to be tuned to this frequency. 
If this is not done, and all adjustments are made at 1,400 kc/s, 
too much capacitance may be used in the trimmers and the 
correct waveband coverage will not then be secured. In some 
cases, particularly when trying out a new set, it may be found 
that no optimum setting for the last trimmer can be found even 
with the gang capacitor at minimum. This is usually a sign 
that the stray capacitance on this circuit is excessive and an 
endeavour should be made to reduce it. 

If it occurs in a receiver which has previously been satis- 
factory and which has a triode anode-bend or grid detector, 
an open circuit in the anode-to-cathode by-pass capacitor is 
the most probable cause. The valve will then give appreciable 
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r.f. amplification and 
hzve a very high input 
capacitance due to anti- 
phase feedback through 
its grid-anode capaci- 
tance; the input capaci- 
tance may be as high as 
loo pF, and it will var\' 
over the waveband and 
so cause poor ganging. 

Even when full equip- 
ment is not available, 
ganging is in no w^ay 
difficult, but if a milliam- 
meter is used instead of 
a proper output meter 
as an indicator of re- 
sonance in a set equipped 
with a.g.c., care must 
be taken to connect it 
correctly. It can be 
connected in the anode 
circuit of any valve con- 
trolled from the a.g.c. 
system, but it must be 
connected at a point of 
low r.f. potential. The 
correct position for the 
meter is shown at {a) in 
Fig. lo.i on the h.t. 
side of the decoupling 
resistor and the wrong 
position at (b) where the 
meter is between the 
valve anode and the 
intervalve coupling. 

In this position the 
meter will not only 
increase the stray 
circuit capacitance and 
so render correct gang- 
ing impossible, but it 
will probably cause in- 
stability. An alternative 
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Fig. to. I : The correct position for a mifliammecer as a tuning indicator is shown at (o) and the incorrect position at (b). Alternatively, 
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indicator which is often more convenient is a voltmeter 
connected across the bias resistor of one of the controlled valves 
as shown at (c) in Fig. lo.i. The indication is not always as 
good as with a milliammeter, but it is usually sufficient. 

Ganging on a Signal 

Where a test oscillator is not available ganging must of 
necessity be carried out on signals and an output meter is then 
of no value, for the modulation depth of the transmission is 
constantly varying. A milliammeter or voltmeter as described 
above can with advantage be used, however. The procedure 
is nearly the same as with an oscillator, but all circuits must of 
necessity be operative the whole time. The trimmers should 
first be set at what one would expect to be roughly the correct 
capacitances; that is, the first and last trimmers for the aerial 
and detector circuits will normally be nearly fully unscrewed 
while other trimmers will usually be set at about one-half of 
their capacitance. No difficulty should then be found in 
tuning in some signal, and on this each trimmer can be roughly 
adjusted. 

Then tune in a station on as high a frequency (low wave- 
length) as possible and adjust each trimmer in turn for maximum 
response, starting with the one nearest the detector and working 
backwards towards the aerial. Should it be found that for 
any circuit there is no optimum, but that signal strength 
increases as the trimmer is unscrewed, it is a sign that 
ganging is being attempted with too little capacitance in the 
trimmers. 

Each trimmer should be screwed up a little, therefore, the 
station retuned at a lower dial setting, and ganging attempted 
again. No more capacitance than is necessary should be used 
in the trimmers, of course, otherwise it may not be possible to 
secure the correct waveband coverage. The treatment of any 
reaction control is exactly the same as when an oscillator is 
available. 

Although various methods have at times been put forward 
for checking the accuracy of ganging over the waveband, such 
as metal spades which reduce the coil inductance when held 
near them or ebonite plates which increase the capacitor 
capacitance when inserted betw^een the vanes, none are of much 
use in the modem receiver, for coils and capacitors are in- 
variably screened. The only satisfactory check is the drastic 
one of trying whether a better performance can be obtained at 
a lower frequency by reganging at that frequency* 
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It is drastic, because it means that after the check the set 
must be ganged again at a high frequency. The check, of 
course, is not to see whether the ganging adjustments have 
been properly performed, but to see whether the coils and 
capacitor sections are matched. If a check is made at a number 
of frequencies and it is found that in one circuit the trimmer 
capacitance must be continually increased to maintain resonance 
as the frequency is lowered, it is highly probable that the 
inductance of the coil in that circuit is lower than the inductance 
of the others. 

Conversely, if the trimmer capacitance needed continually 
falls with a lowering of the frequency, the inductance is too 
high. The same elfects may be, but are not as likely to be, 
obtained through mismatching of the gang capacitor sections. 
If, however, the variations in trimmer capacitance are some- 
what erratic, it is probably the capacitor which is at fault. 

If the trimmers are adjusted at 1,400 kc/s, for instance, it 
may happen that one trimmer needs more capacitance at i ,000 
kc/s, but that this new value holds for still lower frequencies, 
while at the lowest frequency possibly less capacitance is needed. 
Such an effect could not possibly be produced by mismatching 
of the coils, and if the defects mentioned below are not present 
one is consequently safe in concluding that the variable capacitor 
is to blame. 

In a case, such as a tuned-grid coupling, where an r.f. choke 
is effectively in shunt with the tuned circuit, erratic tuning will 
occur if the choke has a sub-resonance wuthin the tuning range. 
Such sub-resonances are liable to occur with sectionalized 
chokes. Each section has a frequency of resonance with its 
own self-capacitance, and there are other such frequencies 
formed by a combination of sections with the self-capacitances. 
Air-core chokes are particularly prone to this effect because 
the coupling between the sections is loose enough to permit 
individual resonances. Iron-core chokes are usually free 
from it. 

The aerial circuit, too, quite often tunes erratically because 
of the effect of the aerial. This is especially the case on short 
waves, for the aerial itself is resonant at multiples of its natural 
frequency. The effect on the tuning of the first circuit, which 
is coupled to it, is very similar to that of a multi-resonant choke. 
There is no re^ remedy, and all one can do is to find the setting 
for the trimmer which gives the best average results over the 
band. 

Below about 1,500 kc/s, hovrever, one can do something 

97 



WIRELESS SERVICING MANUAL 


because the usual aerial is then below its fundamental resonant 
frequency. It is the method of coupling to the first circuit 
which is then so important. Some of the most widely used 
methods are fundamentally wTong. 

Typical coupling arrangements are shown in Fig. 10,2. 
With (a) the aerial coil is usually a few turns overwound on the 
earthy end of the tuning coil — about 10 per cent of the turns 
of the tuned winding — ^while with (b) the aerial tapping is at 
about the same percentage of turns from the earthy end of the 
coil. These two circuits are actually identical as far as the r.f. 
performance is concerned, and they fail chiefly because the 
fraction of the aerial capacitance transferred to the secondary is 
not a constant, but varies with frequency. It cannot, there- 
fore, be corrected at all frequencies by any adjustment of 
the trimmer. 

The less widely used circuit of Fig. 10.2 (c) suffers from a 
similar defect unless the coupling capacitance Ci is so small 
that the efficiency is very low. A capacitance of 25 pF is often 
used, but this is much too large for good ganging. 

In addition to the ganging difficulties, these circuits also 
tend towards low efficiency at the low-frequency end of the 
band and they reduce selectivity excessively at the high- 
frequency end. They are thus very much of a compromise 
and consequently are now falling out of use. 

There is, however, nothing wrong with the circuit of Fig. 52 (a). 
If the aerial coil is made of much larger inductance than the 
timed coil, so that the aerial circuit by itself resonates well 
below the tuning band, and it is coupled loosely to the tuned 
winding, results are much better. Such an arrangement is 
usually known as a “large-primary tuning circuit. 

The effect of the aerial is then to reduce the secondary 
inductance by an amount which is nearly independent of 
frequency and which can consequently be compensated by 
increasing the inductance of the tuned winding Usually a 
small error of ganging occurs at the low-frequency end of the 
band — below 600 kc/s on the medium waveband. In addition, 
the efficiency is much more nearly constant over the band, and 
the selectivity at the high-frequency end is improved. 

Constructionally, this circuit is easily distinguished from 
the “ small-primary ” type, because it is usually made with the 
aerial coil wound as a narrow pile of many turns spaced one-half 
inch or so from the tuned winding. Sometimes it is mounted 
at the grid end of the tuning coil. There is then a small 
capacitance coupling between the aerial and the grid end of the 
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Fig. 10.2 : The way in which the aerial is coupled to the first tuned circuit 
greatly affects the ganging of chat circuit. The best results are usually obtained 
with a large-primary ” circuit. This often takes the form (a), but (c) shows 
a convenient way of adding it to an existing sec 


coil. This makes the efficiency somewhat better at the high- 
frequency end of the band, but the ganging is not quite so good. 

This type of coupling can readily be applied to an existing 
set by using a separate coupling transformer as shown in 
Fig. 10.2 (d). The author has constructed transformers of this 
type by winding 600 turns of No. 36 d.s.c. wire on a former 
of 0-65 -in diameter — the coil being bunch wound to a length 
of I in. A layer of paper over the outside provides insulation, 
and the secondary L2 consists of 19 turns of No. 26 enamelled 
wip^as a single layer. An iron-dust core is used. The big 
coil IS used for Lj of Fig. 10.2 {d) and the small one for La; the 
aerial should, be connected to the inside of the big winding. 

The total inductance of the tuned circuit is increased by 
the connection of L2, but it is also reduced by the effect of the 
aerial connected to the primary. The two effects are nearly 
equal and as a result the transformer can be used with an 
existing set without much inductance error. 

This particular transformer was designed for a super- 
heterodyne with an intermediate frequency of 450 kc/s, and 
consequently has a bigger primary than would normally be 
used with a straight set. The exact resonance frequency of 
the primary circuit depends on the aerial capacitance, but it is 
of the order of 300 kc/s. For a straight set, one would normally 
reduce the primary turns to about 400 and obtain slightly 
higher efficiency. 
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Mismatched Coils 

When the coils are found to be mismatched and they are of 
the iron-core type, the most probable cause is that one of the 
cores has changed its position, whereas with an air-core coil 
the only likely causes are loose turns or short-circuited turns. 
This last will cause a very large change in inductance. 

It is by no means easy to match coils accurately. The 
measurement of inductance at high frequencies is a tedious 
process and demands, at the least, a calibrated capacitor, a 
valve voltmeter, and an accurate heterodyne wavemeter and, 
unless the greatest care is exercised in operating the gear, the 
results cannot be relied upon to be better than ± i per cent 
or so. 

The most suitable method of measuring inductance for 
ordinary purposes, where absolute accuracy is unnecessary but 
only relative accuracy from one coil to another, is undoubtedly 
a low-frequency bridge. Such bridges are fairly expensive, 
however. 


Matching Gang Capacitors 

If the gang capacitor sections are found to be mismatched, 
and the capacitor is of the type having split end vanes, it is 
possible to rematch it while it is in the receiver by bending the 
end vanes appropriately. The procedure is to set the capacitor 
so that the first split section is about one-half enmeshed as in 
Fig. 10.3 (a) and to gang the receiver accurately. Then set 
the capacitor so that the second split section is just about 
fully enmeshed as in (6), adjust the oscillator to the 
receiver and then tune each circuit exactly to the oscillator, not 
by the trimmers, but by bending the vanes (2) on the capacitor 

appropriately. 

The operation is best 
carried out with the aid 
of an insulated rod, of 
ebonite or wood, so that 
hand-capacitance effects 
do not cause difficulty. 
When the vanes have 
been bent the right 
amount the capacitor 
must be further rotated 
so that the third 



Fig. 10.3: A gang capacitor can be rematched 
by bending the split end vanes appropriate!/ 
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section is just en- 
meshed, the oscillator 
readjusted to the new 
frequency and the pro- 
cess repeated. This is 
done for each seg- 
ment, and then the 
ganging readjusted in 
the usual way by the 
trimmers at a high 
frequency. 

The process is 
tedious and not as easy 
as it sounds, for the 
vanes have so much 
spring in them that it 
is difficult to make 
them stay in exactly 
the desired positions. 
Facility and speed 
come only with 
practice. 

Although rare in this 
country at the present 
time, receivers are 
sometimes found which 
include inductance 
trimmers as well as the 
usual capacitance trim- 
mers, and it is naturally 
possible to obtain more 
accurate ganging with 
such sets, for the coils 
are automatically 
matched exactly during 
the process of^anging. 

Two methods of in- 
ductance trimming are 
in use ; the first con- 
sists of a copper disc 
which can be moved 
relative to the coil by a 
screw adjustment, the 
second is the provision 
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Fig 10.4 : For the maintenance of accurate ganging it is necessary for coupling and decoupling capacitors to be properly proportioned 
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of some degree of movement to an iron-core, again usually by a 
screw adjustment. Whichever is used, the method of ganging 
is the same. On the medium waveband, ganging is first carried 
out at 1,400 kc/s by the capacitance trimmers in exactly the 
same w’ay as with an ordinary set. The oscillator is then set to 
about 600 kc/s, the set tuned to it, and the inductance trimmers 
adjusted for maximum response, the actual process being the 
same as if they were capacitance trimmers. It is then necessary 
to return to 1,400 kc/s and readjust the capacitance trimmers. 

For the most accurate ganging the process should be repeated 
until no further adjustments at either frequency give greater 
sensitivity. In practice, it will usually suffice if the trimming 
is done twice at 600 kc/s and three times at 1,400 kc/s. In 
any case, the final adjustments should always be at the higher 
frequency. 


Other Sources of Inaccuracy 

Although the chief causes of inaccurate ganging are mis- 
matching of the coils or the gang capacitor, they are not the 
only causes. An examination of a receiver for these other 
causes should always be made, for while some sets are straight- 
forward, others may contain several pitfalls for the unwary. 
In mains receivers fitted with a.g.c. and in most battery sets, 
the earthy ends of the tuning coils are returned to the earth 
line through capacitors in order that grid bias may be applied 
to the valves — the general arrangement being as shown in 
Fig, 10.4. 

Consider the second circuit; the capacitor C2 is necessary 
partly for decoupling, but chiefly to complete the tuned circuit, 
which then consists of the coil tuned by the variable capacitor 
in series with C2. The presence of C2 thus reduces the total 
capacitance, for the capacitance of two capacitors in series is less 

than that of either alone. It is 
clear, therefore, that if ganging 
is to be maintained every tuned 
circuit in the receiver must 
include such a capacitor whether 
it is necessary for other purposes 
or not, and that the capacitances 
of all such capacitors must be the 
same. 

Referring again to Fig. 10.4, it 
will be seen that such a capacitor, 
C3, is inserted in the detector 
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Fig. 10.5: In a filter coupled by mutual 
inductance capacitors must be inserted 
if accurate ganging is to be secured 
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tuned circuit in order to maintain accurate ganging and in this 
circuit it performs no other function whatever. 

If the aerial-tuning system contained only a single circuit, 
the capacitor to be inserted in this would have the same value 
as Co or C 3. Where a pair of coupled circuits is used, how- 
ever, this does not always apply. For a filter coupled by 
mutual inductance, the capacitors of Fig. 10.5 should have the 
same values as C2 and C3 of Fig. 10.4, but when a capacitance- 
coupled filter is used, as in this latter illustration, the capacitor 
Cl must still have the same value as the others. The value of 
Cl is decided by the filter coupling required, and for correct 
ganging Cg and C3 must have the same capacitance as Ci. 

When testing a receiver, therefore, it is necessary to check 
these capacitors, particularly if the ganging does not hold. 
An internal short-circuit in C3, for instance, would have no 
other effect upon the performance of a receiver than to upset 
the ganging and the symptoms would be almost indistinguish- 
able from those associated vrith an excessive coil inductance in 
this circuit. 
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CHAPTER II 


THE ADJUSTMENT OF GANGING— 
SUPERHETERODYNE l.F. AMPLIFIERS 

M ost receivers are now of the superheterodyne type 
chiefly because of the higher degree of selectivity which 
is obtainable with such sets. The adjustments are even 
more important than in the case of straight sets, for incorrect 
adjustments not only reduce the sensitivity and selectivity but 
may cause whistles, which are much more noticeable under 
average conditions. The trimming of a superheterodyne may 
be divided into two distinct categories — the ganging proper of 
the sigrial-frequency and oscillator circuits, and the adjustments 
in the i.f. amplifier. The latter must always be done before 
the ganging and will consequently be treated first. 

Basically, the trimming of the i.f. circuits is no different 
from the adjustment of the ganging of a straight set, for a 
number of circuits has to be tuned, each to the same frequency, 
by means of trimmers ; it is, in fact, easier since the amplifier 
functions at a fixed frequency and no considerations of main- 
taining ganging over a waveband enter. The amplifier usually 
consists of pairs of coupled coils separated by valves, each pair 
of coils with its trimmers being termed a transformer. Most 
amplifiers include two transformers, but some have three ; 
in some cases the coupling between the coils is fixed, in others 
it is adjustable by a sliding coil or pre-set coil, while in still 
others it can be varied by means of a panel control for variable 
selectivity. 

The frequencies used for i.f. amplification vary greatly. 
The most widely used are probably 465 kc/s, 456 kc/s, and 
450 kc/s, but no kc/s, 125 kc/s, 473 kc/s, and 1,600 kc/s are 
found in some old sets. At one time American sets invariably 
had a frequency of 175 kc/s, but they now usually have a 
frequency around 450-470 kc/s. It is most important that the 
i.f. circuits should be adjusted to the correct frequency, for the 
constants used in the signal-frequency and oscillator circuits 
depend upon the intermediate frequency. Unless the i.f. 
amplifier is correctly adjusted to the right frequency, therefore, 
accdrate ganging will not be secured. 

s ' It can be seen, therefore, that the use of a calibrated test 
‘^oscillator, is much more important with a superheterodyne than 
;• with a straigljt set. The adjustments can be made without it, 
f however, but they are much more difficult. When adjusting 
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a superheterodyne the first step should be to find out the 
correct intermediate frequency for that particular set ; it will 
usually be given in the maker’s service instructions or in some 
of the literature describing the set. 

The test oscillator should then be set to this frequency and, 
if the amplifier is already approximately lined up, its output 
should be connected between the grid of the frequency-changer 
valve and the earth line, a fixed capacitor or artificial aerial 
being interposed in the high potential lead for insulation pur- 
poses. The output meter should be connected up, and the 
oscillator output adjusted so that a convenient deflection is 
secured on the output meter. Each i.f. trimmer must then be 
adjusted in turn for maximum response, starting with the one 
in the circuit feeding the detector and working backwards 
towards the frequency-changer. 

If the circuits are widely out of adjustment to begin with, 
the oscillator output lead should be connected first to the grid 
of the last i.f. valve, and the trimmers in the last transformer 
roughly adjusted. The oscillator lead can then be transferred 
to the grid of the preceding valve and the trimmers on the next . 
transformer adjusted, and so on until the oscillator is connected 
to the grid of the frequency-changer, when all circuits can be 
accurately adjusted in the manner already described. As the 
circuits come into resonance the output increases, and the 
oscillator output will have to be reduced from time to time to , 
keep the needle of the output meter on its scale. 

These adjustments are the basic ones to an amplifier in which 
the coupling in the transformers is optimum or sub-optimum, 
and when they have been done nothing further is necessary. 
When a milliammeter or voltmeter is used as an indicator of 
resonance instead of an output meter in a set fitted with a.g.c., 
however, the indications will vary according to the precise 
arrangement of the a.g.c. system. When the a.g.c. system is 
fed with the detector from the secondary of the last i.f. trans-, 
former as in Fig. ii.i (a), the meter will indicate normally 
during the trimming of both Ci and Cg, just as if a true output 
meter were used. If the a.g.c. system is fed from the primary 
of the last i.f. transformer, however, as in (6), where C3 is, 
joined to the anode of the last i.f. valve, the indications are^ 


different. 

Trimming with a Meter 

- When a milliammeter or voltmeter is used as 
its reading falls as the circuit being tuned comes in^ 
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Fig. 1 1,1 ! When the a.g.c diode is fed from the last transformer secondary (a) a 
milliammeter tuning indicator will indicate resonance for all circuits, but when 
it is fed from the primary (b) it will not indicate the trimming of Cj properly 


and trinraiing is carried out for maximum change of reading 
or minimum absolute reading. This holds for all circuits with 
' the arrangement of Fig. ii.i (a), but only for the primary. and 
earlier circuits with (6). 

Depending upon the degree of coupling used between the 
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coils in the transformer, trimming the secondary (C2) will have 
no detectable effect upon the meter reading, or will cause it to 
rise as the circuit comes into tune. This is brought about by 
the fact that such a meter merely measures the effect of the 
a.g.c. bias; its reading depends upon the input to the a.g.c. 
diode and not upon the detector input With the circuit of 
Fig. 1 1. 1 (b) the secondaiy' of the transformer is not really in 
the chain leading to the a.g.c. system, for the tuned circuits 
affecting this end at the primary. 

If there were no interaction between coupled circuits, trim- 
ming the secondary could thus have no effect upon the meter 
reading. In practice, however, the secondary absorbs energy 
from the primary and it absorbs most when it is tuned to 
resonance. There is then a smaller voltage applied to the 
a.g.c. system and the indicating meter rises. When trimming 
a receiver of this type, therefore, it should be remembered that 
in the case of the last circuit trimming must be carried out not 
for minimum reading on the meter but for maximum. Where 
no change in the meter reading is detectable, the ear must be 
used as a judge of signal strength. 

The use of a proper output meter is very desirable, for it 
avoids difficulties such as the above. This circuit is by no 
means an uncommon one ; on the contrary, it is probably more 
widely used than any other since it tends to reduce sideband 
screech. 

In certain i.f. amplifiers, the coupling between the coils in 
the i.f. transformers is fixed but it is in some cases greater 
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than optimum. This is done in order that a band-pass effect 
may be obtained and the resonance curve shall approximate to 
that of (b) in Fig. ii.2, instead of taking the form shown at (^). 
A considerable improvement in the quality of reproduction 
naturally results from the reduction in sideband cutting. 
Unfortunately, it is extremely difficult to adjust such amplifiers 
correctly without elaborate gear or temporarily modifying the 
set, and the only result of the normal trimming procedure is to 
produce a response curve of the type shown at (c ) . Such a . 
resonance curve is very unsatisfactory and causes both low 
selectivity and distortion ; the selectivity, moreover, is greater 
on one side of resonance than on the other. 

The best course with an amplifier embodying transformers 
of this type is to use a cathode-ray oscilloscope with a frequency- 
modulated oscillator, for this apparatus permits a picture of the 
resonance curve to be obtained. If this gear is not available 
and the amplifier must be adjusted, the best course is to damp 
the tuned circuits by connecting resistors across them while 
making the adjustments. The coupling required to obtain a 
double-humped curve depends on the resistance of the coils. 
If this is increased sufficiently the resonance curve becomes 
single-peaked and the circuits can be adjusted by trimming for 
maximum output in the usual way. The subsequent removal 
of the damping produces the desired double-peaked curve. 

The requisite damping can be added either by increasing 
the series r.f. resistances of the coils or by reducing the dynamic 
resistances. The second course is usually much the easier and 
is less likely to affect the reactances of the circuits. It is done 
by connecting resistors across the coils while trimming, and if 
the usual metallized or carbon-type resistors^ are used, and 
connected carefully, the^^ will affect the circuit capacitance by 
a negligible amount. 

Two courses are possible. Each tuned circuit of a trans- 
former can be damped simultaneously, trimmed in the usual 
way, and have its resistors removed. Alternatively, one coil 
only can be damped while the other is trimmed. This necessi- 
tates moving the damping resistor from one circuit to the 
other as the circuits are adjusted alternately. It is, therefore, 
rather more troublesome, but has two great advantages ; the 
circuit being adjusted is undamped and tunes with its normal 
sharpness, and stray capacitance to the damping resistor does 
not affect its tuning. 

It is, therefore, the better scheme. When dealing with over- 
coupled circuits connect a resistor across the transformer 
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primary circuit and adjust the secondary trimmer for maximum 
output. Remove the resistor from the primar\% and connect 
it across the secondary ; then trim the primary for maximum 
output. Repeat the process, trimming secondary and primary 
with the resistor across the other circuit, until no improve- 
ment can be obtained. Then remove the resistor entirely, and 
by swinging the test oscillator, check that a symmetrical double- 
humped resonance curve has been obtained. 

The value of the damping resistor required must be found 
by experiment for it depends on the dynamic resistances of the 
circuits and their coupling, both of which are usually unknown. 
The value is not important, however, as long as it is low enough, 
but if it is too low the sensitivity may be so reduced that an 
excessive output from the test oscillator is needed. As a rough 
guide, a resistor of the order of lo kO is usually satisfactoryv 

Variable Coupling 

Some receivers in which a double-humped type of resonance 
curve is desired are fitted with transformers in which the 
coupling between the primary and secondary coils can be 
varied at will. The adjustment is then much easier, for the 
transformers are presumably so designed that alterations to the 
coupling do not affect the tuning. The first step is to loosen 
the coupling so that by no chance can a double-peaked response 
curve be obtained, and then to trim each circuit exactly for 
maximum output in the manner already described. The 
correct shape of resonance curve can then be obtained merely 
by adjusting the couplings. In the absence of express instruc- 
tions to the contrary, the best results will usually be obtained 
when the coupling in the last transformer — the one coupling 
the i.f. valve to the detector — is optimum. The coupling 
adjustment should be moved, therefore, until the output meter 
reads a maximum or until the loudest signal is obtained. 

If the receiver includes only one other transformer, the 
coupling in this one should be slightly tighter than the value 
giving the greatest output. If there are two other transformers, 
however, the first one, which couples the frequency-changer to 
the first i.f. valve, should be set at just about optimum^ coupling, 
while the second which couples the two i.f, valves is set at a 
value appreciably greater than optimum. 

These remarks regarding coupling apply whatever the inter-- 
mediate frequency as long as it is not higher than about 500 
kc/s. With amplifiers tuned to 1,600 kc/s] the coupling should 
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not normally exceed 
optimum, and in 
general, should be 
appreciably below it. 

Some i.f. ampli- 
fiers include variable 
selectivity, the aim 
being to permit the 
resonance curve to be 
varied within limits 
by means of a panel 
control so that the op- 
timum compromise 
between selectivity 
and quality can be 
secured under any 
conditions. Atypical 
arrangementis shown 
in Fig. ir.3, and it 
will be seen that the 
coupling between the 
coils of two trans- 
formers can be varied 
while the coupling in 
the third is fixed, 
usually at a lower 
value. 

With loose coup- 
ling, the resonance 
curve is of the form 
(cO of Fig. 1 1 .4, repre- 
senting high selec- 
tivity. When the 
coupling is increased 
the response curve is 
broadened (6) and the 
selectivity is lower, 
but there is less side- 
band cutting. With 
the full coupling the 
resonance curve 
should be essentially 
flat-topped (c) and 
the selectivity quite 
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low ; this condition is 
usually only suitable for 
high-quality local recep- 
tion. 

The adjustment of 
such an amplifier hardly 
differs from one with 
fixed loosely - coupled 
transformers. The first 
step is to set the control 
at maximum selectivity 
and then to adjust the 

trimmers fnr maximum ^ l ^ types of resonance curve obtainable 

response in the manner with a vaViable-seleaivity i.f. amplifier; (o) high, 
already described 



in detail. It is more u 

important than with a fixed-coupling amplifier, however, 
to make sure that each circuit is tuned exactly to resonance, 
for if any circuit is mistuned the correct flat-topped resonance 
curve will not be obtained at low’ selecthity. 

When the trimming has been completed, therefore, set the 
control to low selectivity and swung the osciUator over a 
of frequencies on either side of resonance. The output should 
not vary by more than 2 to 3 db over the range of frequencies 
passed by the amplifier. If it should be found that the response 
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of the amplifier is markedly asymmetrical, the most probable 
causes are inaccurate trimming, stray capacitance coupling 
between the primary and secondary circuits, or excessive feed- 
back in the amplifier, and the remedies are obvious. 

Another type of variable-selectivity transformer is sometimes 
used and the connections to one such transformer are shown 
in Fig. 1 1. 5- The coupling between the coils remains fixed, 
and the selectivity is varied by the variable resistor R, being 
greatest when R is at maximum. To adjust a transformer of 
this nature, set R at maximum and adjust Ci and C2 in the 
normal way for maximum output. Then set R at minimum 
and adjust C3 for minimntn output. 

The purpose of this third circuit is to absorb energy from 
the main pair of coupled coils and the amount of absorption is 
greatest when the resistance is lowest. The absorption is also 
greatest at the frequency to which the circuit is tuned. When 
R has a very high value, the circuit has little effect, but as R is 
lowered the circuit absorbs more and more energy, and the 
absorption increases more rapidly at resonance than at the 
sideband frequencies, thus tending to give a fiat- topped 



Fig, 1 1.6: An a.g.c. system which includes a circuit 
tuned to the intermediate frequency 


response curve. 

Before concluding 
the discussion of the 
i.f. amplifier, mention 
should be made of a 
t3;pe of a.g.c. system 
which may need adjust- 
ment. The a.g.c. diode 
is sometimes provided 
with a stage of ampli- 
fication of its own which 
may be fed from the 
grid of the last i.f. valve, 
the anode of this valve, 
or from the detector 
input. Typical connec- 
tions for this amplifier 
are shown in Fig. 11.6; 
sometimes a choke is 
used instead of the 
timed circuit for the 
coupling to the diode 
and then no adjustment 
is needed. 
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Sometimes an ordinary i.f. transformer is used for the 
coupling, and there are then two circuits to adjust. The 
point of importance is that these circuits cannot be accurately 
adjusted by means of an output meter, and it is necessary to 
use a milliammeter or voltmeter connected to one of the valves 
controlled by the a.gx. system. The trimmer C can then be 
accurately adjusted for minimum reading on this meter. 

When no test oscillator is available, the adjustment of the 
i.f. amplifier is more difficult, for the exact frequency is un- 
known. The only course is by trial and error to get the various 
circuits adjusted in such a way that some signal can be obtained. 
The i.f. amplifier can then be adjusted in the manner already 
described and the accuracy of adjustment will be no less than 
if a test oscillator were used, save that the circuits may not be 
tuned to the correct frequency. They will be in line with one 
another, but unless the frequency is correct, the ganging will 
not hold. It is, however, possible to determine the frequency 
of an i.f. amplifier fairly accurately by methods which will be 
dealt with later, and by a process of trial and error to arrive at 
the correct frequency. 
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CHAPTER 12 


THE ADJUSTMENT OF GANGING— 
SUPERHETERODYNE SIGNAUFREQUENCY CIRCUITS 


T he ganging of the signal-frequency circuits of a super- 
heterod}^e is basically the same as the ganging of a straight 
set, but is complicated by the fact that there is an oscillator 
circuit which must at all times be tuned, not to the signal- 
frequency, but to a frequency different from that of the signal 
by the intermediate frequency. Except occasionally in short- 
wave sets, the oscillator frequency is alw'ays higher than the 
signal frequency, so that for the reception of a station on, say, 
1,000 kc/s, the oscillator is set at i,iio kc/s if the intermediate 
frequency is no kc/s, and at 1,465 kc/s if the intermediate 
frequency is 465 kc/s. 

Thus, while the signal-frequency circuits tune over the 
range of 550-1,500 kc/s, the oscillator must tune over the 
band of 660-1,610 kc/s for the low intermediate frequency 
and over the band of 1,015-1,965 kc/s for the 465 kc/s inter- 
mediate frequency. The constants of the oscillator tuning 
circuit, therefore, are different from those of the signal-frequency 
circuits, and their precise values depend upon the intermediate 
frequency used. 

There are two different methods of obtaining superheterodyne 
ganging, but the one now almost universally employed is 
known as the padding system. With this, the gang capacitor 
is identical in every way with the type used in a straight set 
and the difference in frequency between the signal and oscillator 
circuits is obtained by padding the latter with a combination of 
fixed capacitors and by 
changing its coil induc- 
tance. 

Just as in the case of 
a straight set, the signal- 
frequency circuits can be 
represented by the com- 
bination of Fig. 12.1 (a) 
where L is the tuning 
coil, C is the variable 



capacitor, and the trim- 
mer C 1 represents the total 
stray capacitance. The 
oscUlator circuit is shown 


Fig. 17.1: The basic padding capacitor circuit for 
the oscillator is shown at ( 6 ) where C 5 is the 
padding or tracking capacitor, and C, is the 
parallel trimmer. The signal-frequency circuit (a) 
has only the trimmer Ci 
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at (b) and is similar save for the introduction of a padding capaci- 
tor C3 in series with the variable capacitor Co- (The trimmer Cg 
is sometimes connected across L© instead of across CoO It 
should be understood that at any dial setting C and Co have 
the same capacitance. Now at a high frequency C3 has little 
effect upon the total circuit capacitance, for it is large compared 
with Co and C^; the correct oscillator frequency is thus secured 
by the use of a lower value of inductance for Lq than for L 
At a low frequency, however, Co and C2 together are too large 
to tune this circuit to the correct frequency even with the 
reduced value of Lq, so that C3 is included to reduce the total 
effective circuit capacitance to the correct value. This, in 
bare outline, is the principle of the padding capacitor method 
of ganging and those interested in the precise mechanism or 
the calculation of the circuit constants are referred to Ganging 
the Tuning Control of a Superheterodyne Receiver,’^ by 
A. L. M. Sowerby.^ 

It can be shown that in theory completely accurate ganging 
is impossible with this system and that the best which can be 
achieved is for it to be correct at three points in the waveband. 
At all other points, some errors necessarily exist, the magnitude 
of which depend upon the total width of the waveband and 
the value of the intermediate frequency. In design it is the 
general procedure to legislate for correct ganging at 1,400 kc/s 
and 600 kc/s on the medium waveband and also at some arbitrary 
frequency between these values w’hich is usually 800-1 ,000 kc/s. 

Now it is clear that in ganging a superheterod>Tie the aim is 
to get all the signal-frequency circuits in resonance with one 
another just as in a straight set, and by the adjustment of C2 
and C3 to make the oscillator circuit tune always to the correct 
higher frequency. The difficulties which arise in practice are 
brought about by the fact that although it is the oscillator 
circuit which must be padded to fit the signal-frequency circuits, 
the tuning is governed entirely by the oscillator for it has the 
whole selectivity of the i.f. amplifier behind it. Unless a definite 
procedure is adopted, therefore, ganging may be quite difficult. 

There are several ways of tacfiing the problem and the one 
adopted depends on circximstances. The one which the author 
favours has been developed primarily for design purposes in 
cases where for some reason circuit constants must be esperi- 
mentally determined, but it also forms the most satisfactory 
method of adjustment when servicing a receiver. The great 
advantage of the system is that it avoids any uncertainty ; each 

1 Wireless jSTigimer, February igiz. See also Appendix i . 
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adjustment can be made precisely and the simultaneous adjust- 
ment of two circuits is avoided. In general, however, unless a 
microammeter is available, the method is only conveniently 
applicable to receivers which are fitted with a.g.c. and a test 
oscillator capable of giving an output of up to about i volt is 
also needed. 

Consider the typical arrangement of Fig. 12.2. On the 
medium waveband the switches Si, Sg, S3, S4 and S5 are closed, 
but Sg is open, whereas on the long waveband the first five 
switches are open and Sg closed. The signal-frequency circuit 
ganging arrangements are no different from those of a straight 
set and consist merely of the trimmers across the gang capacitor 
sections which are adjusted on the medium waveband. In the 
oscillator circuit, the trimming capacitor Cg and the padding 
capacitor Cs have to be adjusted on the medium waveband and 
the additional capacitors C7 and C9 on the long waveband. 
In some cases one of these last two capacitors is omitted or is a 
fixed component. 

Now it is obvious that the best method of adjustment would 
be to adjust the signal-frequency circuits on their own, and 
then to set them at certain frequencies and bring the oscillator 
into line by adjusting the appropriate trimming capacitors. 
This can only be done, however, if means can be devised where- 
by the signd itself can be made to give an indication of its 
presence without in any way necessitating the use of the 
oscillator. It is possible to do this in a set fitted with a.g.c. 

Suppose that the oscillator is prevented from functioning in 
some way, such as by removing its anode voltage or by short- 
circuitingjts grid or anode coil with a short lead terminating in 
crocodile clips. The application of a signal will then evoke no 
response unless the signal has such a magnitude that it overloads 
the r,f, or frequency-changer valves and they pass grid current 
in consequence. In any set, the magnitude of the grid current 
will depend upon the signal strength and it may, of course, be 
read on a microammeter connected in the grid circuit. 

A microammeter is not always available, however, and it is 
an expensive and delicate instrument, so that it is fortunate 
that in a set fitted with a.g.c. it is unnecessary. It is clear 
from Fig. 12.2 that grid current in either of the two valves must 
flow through R3 and R4. As a result of this current, a potential 
is set up across these resistances of such polarity that the 
a.g.c. line becomes negative with respect to the earth line just 
as if the current through R4 were produced in the orthodox 
fashion bv the a.g.c. diode. 
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The potential on the a*g.c. line is naturally communicated 
to the grids of all valves controlled from the a.g.c. system 
with the result that their anode currents fall. In the same 
way that a milliammeter connected in the anode circuit, or a 
voltmeter joined across the bias resistor, of one of the con- 
trolled valves can be used as a tuning or ganging indicator, so 
can such an instrument be employed in the ganging of the 
signal-frequency circuits of a superheterod\me with the oscillator 
inoperative. 

The ganging of a superheterodyne is thus best carried out in 
the following manner. Stop the oscillator from functioning by 
short-circuiting one of its coils, connect a milliammeter or volt- 
meter to one of the a.g.c. controlled valves in the usual way 
to act as an indicator, set the variable capacitor at minimum, 
and connect the test oscillator to the aerial and earth terminals. 
Set the oscillator to 1,500 kc/s and adjust it for full output; 
then tune to the signal thus applied by means of the signal- 
frequency trimmers, C2, C4 in Fig. 12.2. 

Even if the signal is modulated, no sound will be audible, 
for the set oscillator is not functioning ; the tuning indicator 
must be relied upon entirely to show resonance. When the 
trimmers have been adjusted, set the oscillator to 1,400 kc/s, 
tune the set to it by the main tuning control and readjust the 
trimmers exactly. Should it be thought desirable, the accuracy 
of the signal-frequency ganging can now' be checked throughout 
the waveband in the manner described for a straight set. 

When the adjustment at 1,400 kc/s has been completed, it is 
known that in the absence of any defect, the signal-frequency 
circuits tune correctly and it only remains to line up the oscil- 
lator circuit. Leaving the test oscillator at 1,400 kc/s and the 
signal-frequency circuits tuned to it, reduce its output con- 
siderably and make the set oscillator operative by removing the 
short-circuit on its coils. Then adjust the parallel trimmer 
(Ce, Fig. 12.2) for maximum response, wrhich may be read on 
an output meter if the test oscillator is modulated, or on the 
milliammeter or voltmeter previously used whether modulation 
is employed or not. 

The setting of this trimmer will normally be quite critical 
and it may be found that there is more than one point at which 
the signal occurs. This is particularly likely to be the case 
with^ low intermediate frequency, and especially if the trimmer 
is of large capacitance. 

The reason is, of course, that there are two oscillator fre- 
quencies which can convert any signal to the intermediate 
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frequency, and if ganging is to be correct, it is essential to 
choose the right one* In cases where two points of equal 
response can be found, therefore, always choose the one which 
requires the lower value of trimmer capacitance. 

It will sometimes happen that several response points are 
found of different strengths* These occur through overloading 
of one of the valves by the test signal and the output of the 
oscillator should be reduced until only the correct response is 
found. This correct point is always the strongest. 

It is rare for any of these spurious trimming points to occur 
on the medium waveband, but they are common on short-wave 
bands and great care must always be exercised to select the 
correct one. 

Having adjusted the parallel trimmer, reapply the short- 
circuit to the set oscillator, tune the test oscillator to 600 kc/s, 
and adjust it for large output. Then tune the set to it by the 
main tuning control, watching for the indication of resonance 
on the milliammeter or voltmeter, reduce the oscillator output, 
and remove the short-circuit from the set oscillator. The series 
padding capacitor (Cg, Fig. 12.2) must now be adjusted for 
maximum response in exactly the same way as the parallel 
trimmer, choosing the lower capacitance setting if two points of 
response are found. 

Since the adjustment of each trimmer in the oscillator circuit 
affects the setting of the other to some degree, it is advisable to 
readjust the parallel trimmer at 1,400 kc/s by repeating the 
process already described for this frequency. It will rarely be 
necessary to make any readjustment at 600 kc/s, however. 

When this process has been carried out — and once the pro- 
cedure has become familiar it can be done very rapidly — it wdll 
be known that the ganging is as accurate as it can be made by 
adjustments to the trimmers. There must of necessity be 
discrepancies at some points in the tuning range, the magnitude 
of which for the normal tuning range depends solely on the 
intermediate frequency. 

Nothing can be done to reduce these normal errors, but it 
should not be forgotten that they will be greatly increased by 
an incorrect ratio of signal to oscillator coil inductance or by 
the use of an incorrect intermediate frequency. 

On the long waveband, the adjustments are similar to those 
on the medium waveband, save that there are sometimes no 
adjustments required by the signal-frequency circuits. When 
the trimming capacitors are as in Fig, 12.2, tune the set to the 
test oscillator in the usual way with the set oscillator inoperative 
^ 170 



THE ADJUSTMENT OF GANGING 

and the test oscillator set to 300 kc/s ; then reduce the output, 
remove the short-circuit from the set oscillator and adjust the 
parallel trimmer (Ct) for maximum response. 

Then repeat the process at 160 kc/s, this time adjusting the 
series padding capacitor If the receiver has no parallel 

trimmer, only the series trimmer can be adjusted, and it is 
usually best done at 160-200 kc s. If the set has no adjustable 
series padding capacitor, but only a parallel trimmer, this is 
best adjusted at about 250-300 kc/s. 

The alternative and more usual ganging procedure does not 
require that the set oscillator be periodically thrown out of 
action, or that the set be fitted with a.g.c. It is, however, 
somewhat more difficult to carry’' out and more likely to lead to 
ambiguous results, although it is superficially easier. The pro- 
cedure is to set the test oscillator to i ,400 kc/s with modulation 
and connected to the aerial and earth terminals of the set. 

An output meter is the best tuning indicator, but if the set 
has a.g.c., a milliammeter or voltmeter can be used. If the 
receiver has a wavelength or frequency calibrated dial, set the 
tuning control appropriately for 1,400 kc/s (= 214 metres) and 
adjust the oscillator parallel trimmer (Cr, Fig. 12.2) for maxi- 
mum response, and follow’ by adjusting the signal-frequency 
trimmers. 

If the receiver is not calibrated, it will be necessarv’ to make a 
guess at the appropriate trimmer settings, then to tune the set 
to the signal by the main tuning control, and finally to adjust 
the signal- frequency trimmers. 

The test oscillator is then set at 600 kc/s and the set tuned 
to it by the main tuning control. The series padding capacitor 
is then adjusted w^hile rocking the gang capacitor backwards 
and forwards over a few degrees by the tuning control until the 
optimum combination of settings is found. A return is then 
made to i ,400 kc/s and the signal-frequency trimmers readjusted. 

On the long waveband, the parallel oscillator trimmer should 
be adjusted &*st at 300 kc/s while rocking the tuning control 
until the best combination of settings is found. The series 
padding capacitor can then be adjusted in the same way but 
at 160 kc/s. 

Quite good results can be secured with this procedure, 
particularly when it is merely a case of readjusting the ganging 
of a set which has been in use for a time and which is already 
presumably approximately ganged. In such cases, the adoption 
of the more accurate procedure may be unnecessary, but with a 
set which is widely out of adjustment it is to be recommended 
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Fig. 12.3 : When a “ shaped-plate ” gang capacitor is used, the ganging arrangements are as shown here 
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as being more exact and probably “more rapid because it avoids 
any ambiguity. Great care should be taken to see that the 
oscillator frequency is always higher than the signal-frequency. 

Difficulty is unlikely in most cases where the series padding 
capacitor consists of a small capacitance pre-set capacitor in 
parallel with a fixed capacitor. Where a large capacitance 
pre-set capacitor is used, however, and the intermediate 
frequency is low, it is quite possible so to adjust the circuits that 
at 600 kc/s the oscillator is higher than the signal-frequency, 
whereas at i ,400 kc/s it is lower. 

The ganging cannot possibly hold over the waveband under 
such circumstances and the performance of the set will be very 
poor indeed in regard to sensitivity and its liability to second- 
channel interference, except at the two extremes of the wave- 
band. 

The Adjustments with a Superhet Capacitor 

The second system of ganging wffiich is employed in some 
of the older receivers necessitates no padding capacitor for the 
medium waveband. A special gang capacitor is used, having 
ordinary sections for the signal-frequency circuits but for the 
oscillator a section in which the vanes are differently shaped so 
that correct tracking is automatically secured. 

The precise shape of the vanes depends upon the value of 
the intermediate frequency, the stray circuit capacitances, and 
the relative value of the signal- and oscillator-circuit coil 
inductances, as well as the tuning range. A capacitor which 
has vanes cut to suit an intermediate frequency of no kc/s, 
therefore, is unsuitable for a frequency of 465 kc/s, and it would 
be unwise to use it with a frequency of 120 kc/s, although the 
errors would then naturally be smaller. On the long waveband 
the tracking does not hold, and it is necessary to introduce a 
padding capacitor. 

A typical circuit diagram is shown in Fig. 12.3; on the 
medium waveband all switches are closed and ganging is best 
carried out at 1,400 kc/s by adopting the procedure already 
described for the adjustment of the padding system at this 
frequency. If this procedure is adopted, which means setting 
the signal-frequency circuits exactly to 1,400 kc/s with the set 
oscillator inoperative and then trimming the oscillator capacitor 
Cfi, no other adjustments are needed on the medixrm waveband. 

This method may not always be possible^ however, and then 
it is necessary to proceed rather differently. The oscillator 
trimmer Ce should be set about half-way; the test oscillator 
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should be at 1,400 kc/s, and it should be tuned in by the main 
tuning control, and the signal-frequency trimmers, C2, C4 
adjusted for maximum response. The test oscillator should 
then be set at 600 kc/s, and the set tuned to it. The oscillator 
trimmer can then be adjusted while rocking the tuning control 
backv\^ards and forwards over a few degrees until the optimum 
combination of settings is found. 

A return must next be made to 1,400 kc/s and the signal- 
frequency circuits readjusted as before. The oscillator trimmer 
must then be readjusted at 600 kc/s and then the signal-frequency 
circuits at 1,400 kc/s, and so on, until no further adjustment 
at either frequency improves the performance. 

On the long waveband, the ganging is no different from that 
with the padding system, for it is actually the same method of 
achieving tracking. It is not necessary, therefore, to treat this 
case again. 

The special gang capacitor system of ganging is now rarely 
used, for it is essentially a method for one waveband only, 
although by the addition of padding it can be made to work on 
two. Most modem sets have at least three wavebands and the 
padding system is then much more suitable. 

Although not commonly found, it may be as well to describe 
the adjustments necessary in sets having inductance as well as 
capacitance trimmers. The large number of trimmers is apt 
to be sometvhat frightening at first, but if their adjustment is 
tackled systematically, the presence of the inductance trimmers 
will be found actually to help matters. This is because the 
possibility of mismatched coils is removed ; it is always possible 
to obtain correct ganging merely by adjusting the trimmers. 

The procedure will be described in relation to the medium 
waveband, but it is of course exactly the same on any other 
waveband, the adjusting frequencies being proportionately 
related to the limiting frequencies of the band. 

A typical circuit is shown in Fig. 12.4 and it will be assumed 
that it is necessary not only to gang the set but to adjust its 
frequency coverage to a given band — say, 550-1,500 kc/s. It 
is necessary to adopt the technique of adjusting the signal- 
frequency circuits with the mixer driven into grid current, so 
that a test oscillator with ample output is needed. 

Short-circuit the set oscillator coil, set the tuning capacitor 
to minimum and the test oscillator to 1,500 kc/s. Using a large 
output from the test oscillator and a meter to indicate resonance 
in the manner previously described, adjust the signal-frequency 
trimmers Ca and C4 for maximum response. Then set the 
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tuning capacitor to maximum and the test oscillator to 550 kc/s, 
and adjust Li and for maximum response. 

Now go back to 1,500 kC;S and*readjust and C4. Repeat 
the process, adjusting alternately at 550 kc/s and 1,500 kc/s 
until no improvement can be secured. Adjust the capacitance 
trimmers only at 1,500 kc/s and the inductance trimmers only 
at 550 kc/s, and finish by adjusting the capacitance trimmers. 

When this has been done the signal circuits are not only in 
track with each other, but cover the required band of fre- 
quencies. It is now necessary to gang the oscillator circuit to 
the signal circuits, and one must remember that the parallel 
trimmer C5 controls the tracking chiefly at the high-frequency 
end of the band while the padder C? and the inductance L3 
control it at the low-frequency end and at the middle 
respectively. 

Set the test oscillator to 1,400 kc/s and tune the set to it by 
the tuning control. Reduce the input to the set and remove the 
short-circuit from the set oscillator. Adjust 'C5 for maximum 
output. Replace the short-circuit on the set oscillator, increase 
the test oscillator output and tune it to 970 kc/s. Tune the 
signal circuits to it, reduce the test oscillator output, and remove 
the short-circuit from the set oscillator. Adjust Ls for maxi- 
mum output. Replac.e the short-circuit on the set oscillator, 
increase the output of the test oscillator and set it to 600 kc/s. 
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Tune the set to it, reduce its output and remove the short- 
circuit from the set oscillator. Adjust C7 for maximum output. 

The adjustments are now very roughly correct, but it is 
necessary to repeat them several times to get them exactly 
right for they are all interdependent. The best way now is to 
leave L3 alone for the time being and to adjust and C7 
alternately as previously described for a set wdth a fixed value 
of inductance. Never forget that C- must be adjusted only at 
1,400 kc s and C- only at 600 kc 's, and always finish with C5. 

When no further adjustments to these two improve matters the 
tracking is correct at 1,400 kc/s and 600 kc/s. It is also correct 
at one frequency between. What this frequency is depends on 
the value of the inductance. There is an optimum value for 
this frequency which makes the inevitable errors at other 
frequencies a minimum. The next step, therefore, is to adjust 
L3 correctly. 

To do this, the test oscillator is set to 970 kc/s and the signal 
circuits tuned to it in the usual way. The set oscillator is made 
operative again, and L3 adjusted for maximum output. Then 
leave L3 alone again, and readjust C5 and C? at 1,400 kc s and 
600 kc/s alternately until they are again both correct at these 
frequencies. Keep repeating the process of adjusting L3 at 
970 kc;s, followed by at 1,400 kc s and C? at 600 kc s 
alternately, and always ending with C5, until no further adjust- 
ments improve matters. 

The process is not nearly as difficult or lengthy as it sounds. 
In general, for each adjustment of L3, it is not usually necessary 
to adjust C5 more than three times and C7 more than twice. 
It will also be unusual if L3 has to be adjusted more than three 
times. If the set is not badly out of alignment to start with, of 
course, many fewer adjustments will be needed. 

Although not yet widely used in broadcast equipment, 
inductance trimming will probably become much more common 
in the future. Not only does it result in improved performance 
because better ganging is secured, but it eliminates the necessity 
for the accurate matching of coils in the factory. In these days 
of iron-dust cores for coils, it is very easily arranged. 

There is a further class of adjustments which, while hardly 
ganging, are conveniently dealt with at this point. Some 
receivers include a wavetrap in the aerial circuit tuned to the 
intermediate frequency for the purpose of eliminating the 
direct pick-up of signals of tins frequency. A wavetrap of this 
type is dignified by various names such as l.f. trap or i.f. 
interference suppressor, but it invariably takes one of the two 

126 



THE ADJUSTMENT OF GANGING 



Fig, 12.5 ; Wavetraps in the aerial circuit are sometimes used to prevent the 
break-through of signals on the intermediate frequency. A rejector is shown 
at (c) and an acceptor at (b) 


forms shown in Fig. 12.5, where the coil and capacitor forming 
the wavetrap are designated by L and C. Whichever circuit is 
used, the adjustment is the same. In general, {a) is used with 
“ small-primary ** aerial coils and (6) with ‘‘ large-primary 
types. 

The test oscillator should be connected to the aerial and 
earth terminals and set to function at the intermediate fre- 
quency, the output control being set so that some output from 
the receiver is obtained. The trimming capacitor C is then 
adjusted for minimum output. 

Some receivers, either as well or instead, include one or two 
wavetraps of similar nature which are intended to be tuned to 
the local station in order to prevent the formation of whistles 
through the overloading of early valves by such strong sipials. 

These circuits can be adjusted by means of the test oscillator 
in the same way as an i.f. trap, but using the appropriate 
frequencies and tuning the set to the oscillator. In general, 
however, it is better to perform this adjustment upon a signal, 
the procedure being to tune the set to the local station and to 
adjust the appropriate trap capacitor for minimum response. 

Before concluding, it may be as well to remark that the defects 
which may occur in a superheterodyne and which prevent 
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proper ganging are essentially the same as those which are 
found in a straight set* Incorrect values of stray circuit 
capacitance, wrong values of decoupling capacitors in a.g.c. 
circuits* bad matching of the capacitor sections, wrong coil 
inductance, all apply with equal force. In addition, the use of 
the WTong value of intermediate frequency will prevent proper 
ganging. 



Advance Componencs Signal Generator covering 100 Kc s to 60 Mc's 
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CHAPTER 13 

TRACING THE CAUSE OF WHISTLES 

A mong the various faults which may occur in a wireless 
receiver, few are more troublesome to trace and cure 
than those which give rise to whistles. The difficulty 
in finding a cure which does not seriously affect the performance 
in other ways is brought about by the fact that, while it is 
generally easy enough to find out to which of the main types 
any particular whistle belongs, it is by no means easy to de- 
termine its precise cause. 

As in ever>^ other trouble which may occur, diagnosis must 
be carried out scientifically if it is to be accurate. The symptoms 
will suggest a particular cause : the cause will suggest certain 
tests which will confirm or disprove it ; the results of these 
tests will suggest others, and so on. 

The various whistles which may be met with are most 
conveniently divided into categories according to the symptoms 
which they produce. The three chief types are : — 

(i) whistles which do not vary either in pitch or intensity 
with the tuning ; 

(2) whistles which vary only in intensity with the 
tuning ; 

(3) whistles which vary in both pitch and intensity 
with the tuning. 

In most cases, any given whistle can immediately be placed in 
one of these categories, and the search for its cause corre- 
spondingly limited. 

Considering first the case of those whistles which are in- 
dependent of tuning, they are almost invariably due to a.f. 
regeneration. If sufficient feedback exists in the audio- 
frequency amplifier and it is in the right phase, self-oscillation 
will occur at a frequency dependent upon the characteristics of 
the circuits. When oscillation takes place at a very low 
frequency it is called motor-boating, and this is treated in detail 
in another chapter. 

At higher frequencies, however, the symptoms are in the 
form of a continuous note which is usually of high enough 
frequency to be called a whistle. The frequencies most usually 
found lie between 1,000 c/s and 5,000 c/s, but in some cases 
may be higher and even above audibility ; their presence may 
not then be suspected. 

With modern high-quality apparatus true whistles are usually 
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of fairly high frequency and due to capacitance coupling 
bet^^’een the input and output circuits. Consequently they 
rarely, if ever, occur in apparatus in which the receiver and 
amplifier are built on a single chassis, except when a pick-up or 
microphone is being used, for the designer has taken pre- 
cautions in the construction against such feedback. Where the 
amplifier is a separate unit, however, feedback is quite probable 
if the various connecting leads are carelessly arranged. 

The Loudspeaker Leads 

The proximity of the loudspeaker leads to the input con- 
nections, for instance, may easily cause instability, particularly 
at very high frequencies and particularly if the amplifier has a 
very good frequency response characteristic. Even if the 
feedback is insufficient to cause instability, it may affect the 
characteristics of the amplifier. 

Such feedback can easily be cured by separating the leads 
sufficiently, and where this is impracticable by screening them. 
The screening should, of course, be earthed and when fitting 
up an amplifier it is a wise plan to instal it at the start since it 
also reduces the possibility of hum pick-up in the leads. 

A whistle of this character is unlikely to develop with use 
in a modern mains-operated receiver ; it is either present 
initially or not at all. The case is different with a battery set, 
however, particularly those of the older variety using a.f. 
transformers of doubtful characteristics. Judged aurally, the 
whistle is of similar character to that brought about by stray- 
coupling between the input and output circuits, and may in 
fact be actually due to this. More often, however, it is due to 
nothing more than a partialW run-dowm h.t. battery. 

The internal resistance of an h.t. battery is quite low when 
it is new, and little feedback occurs between the different 
stages even when decoupling circuits are omitted. When the 
battery begins to age, but long before it is due for the scrap- 
heap, its internal resistance rises and appreciable feedback may 
occur in the receiver. When actual instability results the 
frequency of the whistle produced depends upon the character- 
istics of the apparatus, and except when the frequency is low 
the connection of a 2-jLiF capacitor across the h.t. battery will 
often effect a cure. 

Decoupling the Anode Circuits 

The proper remedy, however, is to decouple the various 
anode circuits. Feedback of this nature is really the same as 
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that \\ hich produces motor-boating in a mains set, the different 
symptoms being due mainly to the different nature of the 
impedance of the h,t. supply. It is worthy of note that a 
run-down grid bias battery may sometimes produce similar 
effects, as also may a faulty batteiy cable or a dirty wander plug. 

A whistle of comparatively low pitch, which is more 
commonly called a howl, may occur through a microphonic 
valve. The howl usually builds up slowly, and is often set up 
by a loud passage of music. The offending valve is easily 
located by tapping all the valves gently ; the noise resulting 
from tapping the offender will leave one in no doubt whatever 
that one has found the guilty specimen. If a non -microphonic 
valve cannot be secured, the only remedy is to mount it in an 
anti-microphonic valveholder or to mount the w^hole chassis 
on sponge rubber. 

A fault of similar character which occurs only on radio may 
be due to a defective valve in the pre-detector circuits. In 
general, however, the howl builds up very^ gradually and is of 
quite low frequency ; moreover, it only occurs in selective 
receivers and is more noticeable on the medium waveband 
than on the long. It is then usually due to acoustic feedback 
from the loudspeaker to the vanes of the variable capacitor 
and it is a defect which is particularly likely to occur in short- 
wave receivers. 

Vibrating Capacitor Vanes 

The fault is one which is not always easy to cure w^hen the 
receiver and loudspeaker are in the same cabinet. The first 
thing to do is to isolate the capacitor from any vibration which 
may be conveyed mechanically by the chassis and cabinet. 
This may often be done by suspending the receiver chassis on 
blocks of sponge rubber so that it can float freely. 

Sometimes it is more conv^enient to mount the capacitor on 
the chassis in a similar manner, and sometimes both mountings 
are necessary. The tuning dial must, of course, be arranged 
to float wdth the capacitor, otherwise the suspension is useless. 
The effects of the direct radiation from the loudspeaker can 
sometimes be nullified by enclosing the variable capacitor in 
a box stuffed with cotton w’ool, but this is often difficult to 
arrange. 

In extreme cases, it may be necessary to replace the variable 
capacitor by one having vanes less susceptible to vibration. 
The materials used in the construction of die capacitor have a 
big effect upon its performance in this respect. It is often 
stated that brass vanes are superior to aluminium from this point 
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of view, but this is not 
necessarily the case* 
Actually, a capacitor 
with vanes of soft 
aluminium is likely to 
be better than one in 
w'hich hard brass has 
been used, and the 
author has obtained the 
greatest freedom from 
this form of feedback 
with capacitors having 
zinc vanes. The re- 
quirement is that the 
Fig. 13.1 : The introduction of a tuned whistle filter vaneS be heavilv damped 
ideally changes the response of the receiver from ...i. a. ...u j ^ ^ 

the form of the solid line curve to that of the SO tJiat tney uO not 
dotted curve, but in practice the response is vibrate easilv, and this 
more likely to take the form of the dash-line curve • ^ ^ v 

IS most likely to be 

found in capacitors having vanes of soft metal. 

The second class of whistles, those which \’ary in intensity, 
but not in pitch, with the tuning, are rarely, if ever, due to the 
receiver. These whistles are the beats formed betw^een 
adjacent stations and are inevitable if the receiver is capable of 
reproducing the frequencies involved. Broadcasting stations 
are usually spaced by 9 kc/s, so that if the receiver will reproduce 
frequencies of this order, a 9,000-c/s whistle is inevitable. 
High quality reproduction demands frequencies up to 10,000 
c/s, so that trouble of this type is more likely to be met with in 
modem high-fidelity apparatus than in older sets which do not 
pretend to give a full high note response. 

Whether or not such 



a whistle is met with in 
a high-quality receiver 
depends entirely upon 
the relative strengths of 
the stations involved. If 
both stations are of the 
same strength the whistle 
will be prominent, 
whereas if the set is 
tuned to the local station 
and its neighbour is 
quite weak, the whistle 
may not be audible. 



Fig, 13,2; The acceotor type of whistle filter is 
shown at (a) and the rejector type at (6) 
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It is important to remember that it is impossible to prevent 
such whistles from occurring without adversely affecting the 
quality of reproduction. If a set does not reproduce them, 
then it is certain that the receiver or loudspeaker is deficient in 
the extreme treble. Conversely, if they are present, one has 
the satisfaction of knowing that there is little wrong with the 
high-frequency response of the apparatus. 

It is generally found, however, that the whistle is objected 
to rnore than the slight deterioration in quality which accom- 
panies its removal. It is necessary' to adopt the proper remedy, 
however, if the effect on quality is not to be serious and most 
emphatically the proper remedy is not to shunt intervalve 
couplings with capacitors nor to make use of the conventional 
tone control. In order to remove a 9,000-c-s whistle, an 
attenuation at this frequency of at least 20-30 db is needed, 
and this cannot be introduced by such simple means without 
attenuating seriously all frequencies down to about 3,000 c/s 
and so making the reproduction intolerably muffled. The 
proper remedy is to include either a correctly-designed low-pass 
filter or, more simply, tuned rejection circuits. 

The low-pass filter is not a general solution, for the filter 
constants will vary somewhat with different receivers depending 
upon the circuit impedances. Moreover, it is both bulky and 
expensive. If it be used, it should have a cut-off frequency of 
about 7,500 c/s and a frequency of infinite attenuation at 
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Fig. 13.4 : In an intervalve circuit the trap should 
be connected in series with the coupling capacitor 


9,000 c/s. For general 
use, a tuned circuit is 
likely to be of more 
value ; this can be of 
either the acceptor or 
rejector type and is 
really identical, save in 
constants, with the 
wavetrap commonly 
used at signal frequency. 

If the response curve 
of the receiver is of the 
form shown by the solid 
curve of Fig. 13.1, then 
the insertion of the trap 
circuit would ideally 
change the response to 


that shown by the dotted curve, introducing great attenuation 
at the whistle frequency, but hardly affecting other frequencies. 
In practice, the response obtained is more of the form of the 


dash-line curs’e. 


The two types of filter, acceptor and rejector, are shown in 
Fig. 13.2; the acceptor circuit (a) is connected in parallel with an 
intervalve coupling or output transformer, whereas the rejector 
(b) is connected in series . The values assigned to the components 
depend upon the frequency of the whistle, the amount of 
attenuation required, the amount of attenuation permissible at 
other frequencies, and the impedance of the circuits with which 
the trap is used. 

If each circuit is adjusted to give the same attenuation at 
resonance and the coils are of the same efficiency, there is 
nothing to choose between the two in the matter of performance. 
For good attenuation a high Q (= coL/R) is needed, and this is 
quite difficult to obtain, for the inductance required is so large 
that small diameter wire must be used to keep the coil reasonably 
compact. In order to secure adequate attenuation, therefore, 
it is often necessary to permit more attenuation at other fre- 
quencies than one would like. 


In the case of the acceptor circuit, this means using a com- 
paratively low value of inductance and ~ large capacitance, 
whereas with the rejector circuit a high inductance and small 
capacitance are indicated. Now the capacitance must be 
variable in order to permit the circuit to be tuned exactly to the 
whistle and it is easier to obtain a small variable capacitor than 
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a large one. In general, therefore, the rejector circuit is the 
more useful of the two. 

The connections for such a rejector in the output circuit of a 
typical diode detector are shown in Fig. 13.3, and in the case 
of an interv^alve circuit in Fig. 13.4. The value of the grid leak 
resistor or volume control which follows the trap should be 
about 0*25 M£) when the usual values for the trap constants 
are employed. The filtering action is greatly increased if the 
capacitor Ci is included after the trap. The usual values 
are L = o*8 H, C = 500 pF max., for a frequency of 9,000 c/s. 
For other frequencies both L and C should be changed, and 
should be inversely proportional to frequency; thus, for 
4,500 c/s, both inductance and capacitance should be doubled- 

It may be remarked that the position of these components 
in a set should be chosen with care, for as the coil contains 
many turns it can easily pick up hum if it is too near a mains 
transformer. It should, therefore, be kept well away from 
any components which are likely to produce a stray magnetic 
field. 
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CHAPTER 14 

SUPERHETERODYNE WHISTLES 

T he last and most important class of whistles contains all 
those which vary in both pitch and intensity when the 
setting of the tuning control is altered. The whistles 
caused by instability actually come into this category, but this 
trouble is dealt with in another chapter. There is rarely any 
difficulty in deciding whether a receiver is unstable or not, 
for instability gives other symptoms than whistles. The 
whistles discussed in this chapter can occur only in super- 
heterodynes and are commonly called second-channel or image 
interference, although this is actually only one out of many 
possible causes. 

The remedies for the different types of whistle which may 
occur naturally vary with their cause, and it is necessary to be 
able to distinguish them in order to apply the appropriate 
remedy. This is not always easy, for the only audible difference 
between some of the whistles is that the rate of change of pitch 
for a given movement of the tuning control is different for some 
whistles than it is for others, and in some cases there is no 
difference at all. It is essential, therefore, to understand how 
the whistles arise in order to apply the appropriate tests in- 
telligently. 

Second-channel or image interference is the best known, but 
not always the most important, source of whistles. It arises 
in this manner. In order to receive a given station, the oscillator 
is set to work at a frequency higher than that of the station by 
the intermediate frequency. The intermediate frequency is, 
in fact, the difference between the signal and oscillator fre- 
quencies. ^ 

Normally, operation is carried on with the oscillator at a 
higher frequency than the signal, for this leads to convenient 
ganging, but it is not essential to the process of frequency- 
changing, and the oscillator might equally well be lower than 
the signal frequency. In actual fact, with the present crowded 
condition of the ether, although the oscillator frequency is 
higher than that of the wanted signal, there is always some 
other signal at a frequency higher than that of the oscillator by 
an amount, roughly equal to the intermediate frequency. 

Thus, suppose the intermediate frequency is no kc/s ; for 
the reception of a station A on i,ooo kc/s, the oscillator will be 
functioning at i,iio kc/s. Now if there is a station B on 
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1 ,220 kc/s, there may be interference. If both signals A and B 
are handed on to the frequency-changer there certainly will be 
interference, for the frequency-changer cannot distinguish 
between them — both are separated from the oscillator by 
no kc/s and both will be changed to this frequency and pass 
through the i.f. amplifier. There will be no whistle, however, 
for both stations produce a frequency of no kc/s exactly. 

How a Whistle is Produced 

Suppose the tuning to be changed slightly, however, so that 
the oscillator is at i,ni kc/s. Station A will now produce an 
intermediate frequency of in kc/s, and station B one of 109 
kc/s. Both will still pass through the i.f. amplifier, but there 
will now be a whistle of 2 kc/s. Thus mistuning the set by 
I kc/s has produced a whistle of 2 kc/s, and it may be said that 
the pitch of the whistle produced by second-channel interference 
changes its pitch for a given movement of the tuning control 
twice as rapidly as does the whistle produced by an oscillating 
detector set. 

A whistle is produced if station B is not separated from 
station A by exactly this amount. Suppose the oscillator is set 
at 1, 1 10 kc/s for the correct reception of A, and it produces 
an intermediate frequency of no kc/s from this station. Then 
if station B has a frequency of 1,218 kc/s, it will produce in 
thefrequency-changer a frequency of 1,218 — 1,110= 108 kc/s. 
This will pass through the i.f. amplifier along with the correct 
frequency of no kc/s produced by A and in the detector a 
beat of no — 108 = 2 kc/s will be produced. 

There are many other possible causes of whistles, among 
which the following are the most important : — 

I.F. Harmonic Interference: This is similar to second- 
channel interference, but the interfering station is oh a 
frequency either higher or lower than that of the oscillator 
by one-half or one-third of the intermediate frequency for 
the second and third harmonics respectively. Higher 
harmonics are not usually important. The harmonics 
are usually generated in the frequency-changer {fx = 
fs + /t± /i/w). 

Beat Interference^ Fundamental : This occurs from a 
station spaced from the wanted signal by an amount equal 
to the intermediate frequency {fx == f& ±/i)- 

Beat Interference, Harmonic : This is similar to the 
foregoing but non-linearity in the frequency-changer is 
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necessary for it to appear. It occurs from signals spaced 
by one-half or one-third of the intermediate frequency 
from the wanted station for the second and third harmonics 


respectively (fx = /* ± /i,n)- 

Oscillator Harmonics : This form of interference is 
caused by harmonics of the receiver oscillator, usually the 
second or third, beating with signals to produce the 
intermediate frequency. This type of interference is 

£ I 

usually confined to the long waveband {fx = — " — ± /? 


In the foregoing, fx = frequency of station causing the 
interference ; fs = frequency of station upon which the 
interference is found ; fi = intermediate frequency ; and 
71 ~ order of harmonic involved. 


/.jP. Harmoitic Feedback : This type of interference 
occurs when harmonics of the intermediate frequency 
generated in the i.f. amplifier or detector are fed back to 
the pre-frequency-changer circuits. 


With the degree of pre-selection included in most sets, all 
forms of interference, other than I.F. Harmonic Feedback, 
rarely cause trouble except on the short waves or when local 
stations are involved. Practically speaking, it is impossible to 
obtain a frequency-changer which is completely free from 
harmonic generation, so that the only remedy for whistles of 
all types, except those due to I.F. Harmonic Feedback, is an 
increase in pre-selection. When the ganging is inaccurate, the 
normal degree of pre-selection is greatly lowered, so that in 
any case where whistles are found the first thing to do is always 
t6 make sure that the ganging is as perfect as possible. 

As a guide to the performance obtainable, it may be said 
that in a district 30 miles or so from a local station two signal- 
frequency circuits for a iio-kc/s intermediate frequency, or 
one for a 465-kc/s frequency, are adequate. There wdll be 
few, if any, whistles, but there is little factor of safety. At 
10 miles from a pair of locals there will be quite a number of 
whistles, and to obtain the same performance three signal- 
frequency circuits are necessary for the lower intermediate 
frequency and two for the higher. 

On short waves, second-channel interference is almost 
inevitable with only one signal-frequency circuit, even with 
an intermediate frequency of 465 kc/s. Two are sufficient to 
give reasonable protection against it for frequencies up to 
some 10-15 Mc/s ; above this three should be regarded as 
essential for first class results. 
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In ninet>’-nine cases out of a hundred, whistles on the 
medium waveband will be caused by the local station because 
it is so much stronger than other stations. 


An Absorption Wavenneter 


The most useful tool in tracing the cause of whistles is a 
simple absorption wavemeter covering a band of lOO kc/s to 
1,700 kc/s continuously. It should be connected in series with 
the aerial lead to the set, the receiver tuned so that the whistle 
which it is desired to eliminate appears, and the wavemeter 
tuned carefully through its range. One point will always be 
found at which both the signal and whistle disappear or are 
greatly weakened. 

This occurs when the wavetrap is tuned to the wanted 
signal and is of no use for present purposes. The aim is to 
find a setting for the w^avemeter control for which only the 
whistle disappears leaving the wanted signal unafiFected. 
The wavemeter is then tuned to the station responsible 
for the whistle, and knowing its frequency and - the 
frequency of the wanted signal, the type of interference can be 
found. In some cases, how’ever, the type of interference is not 
very important for the remedy is the same for nearly all types 
— an increase in pre-selection. 

Now it is not usually easy to increase the selectivity of the 
signal-frequency circuits adequately, assuming that the ganging 
has been accurately carried out. As the whistles are usually due 
to one or two powerful local stations only, the best remedy 
is to include a wavetrap in the aerial circuit and to time it to 


the local station. This 
reduces the input, as far 
as the receiver is con- 
cerned, , to something 
little more than the level 
of a strong Continental 
signal and in most cases 
wipes out nearly all the 
w^histles. The connec- 
tions for such a wave- 
trap are shown in Fig. 
14.1 , and they can easily 
be made externally to 
the receiver. 

A further advantage 
of the trap is that by 



Fig. 14. 1 : A simple wavetrap is often useful in 
removing whistles produced by a strong local signal 
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reducing the aerial input from the local station it greatly lessens 
the possibility of distortion when receiving this station. Very 
strong stations are sometimes distorted through an i,f. valve 
becoming overloaded, for there are limits to the range of 
control given by even the best a.g.c. system. 

Using Two Traps 

In districts where there are two local stations, it will often 
be found that the inclusion of a wavetrap removes about half 
the whistles only. This is because half of them are due to one 
local station and the other half to the other, and the remedy 
is to fit two wavetraps, one being tuned to each of the offending 
stations. 

Trouble may also be experienced from a station working on 
the intermediate frequency. With a low intermediate fre- 
quency, a high powder c.w. Morse transmitter will usually be 
the offender, and since high-speed sending is often employed 
Ae audible effect is similar to a steady whistle when a station 
is tuned in. Although the interference is usually evident 
throughout the tuning range of the set, it is at its worst towards 
the upper end of the long waveband. 

With an intermediate frequency of the order of 465 kc/s, the 
interference is from the 600-metre shipping band and at its 
worst at the upper end of the medium waveband and at the 
low'er end of the long. Here again the remedy is to use a 
wavetrap in the aerial circuit tuned to the intermediate fre- 
quency. 

When a “ large-primary ” aerial coil is used an i.f. wavetrap 
is almost essential, because the aerial circuit then resonates 
close to the intermediate frequency. As the primary is of high 
impedance, an acceptor type of wavetrap is more effective than 
a rejector. This consists merely of a coil and capacitor in 
series connected betw^een the aerial and earth terminals as in 
Fig. 12.5 (i). The rejector wavetrap of Fig. 12.5 (a) or Fig. 14,1 
is more effective w’ith a small -primary aerial coil. 

Any number of wavetraps may be used and connected in 
series with one another as shown in Fig. 14.2. Here three are 
used, one for each of two local stations and a third tuned to the 
intermediate frequency. The precise values of the components 
employed naturally depend upon the particular frequencies to 
which the traps must be tuned. The values are readily worked 
out from the formulae given in any reference book or from 
Abacs. The amount of rejection depends upon the efficiency 
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Fig. 14.2 : Three rejector wavetraps can be used as 
shown here. Two are tuned to local stations and 
the third to the intermediate frequency 


of the coils and capaci- 
tors, but it is usually 
possible to obtain good 
results with small coils 
and compression type 
capacitors . Acceptor 

traps must, of course, 
be connected in parallel 
with one another, not in 
series as with rejector 
traps. 

Whistles which are 
due to the feedback of 
harmonics of the inter- 
mediate frequency will 
not respond to wavetrap 
treatment, for they are 
due to stray coupling in 
the receiver itself. 

Feedback from any i.f. 
circuit which generates 
harmonics to any pre- 
frequency-changer 
circuit can cause this trouble, but the detector is the usual 
source of the trouble for the signals are strongest at this point 
and it necessarily generates harmonics. The i.f. amplifier 
should cause no trouble, for it ought to be linear ; if it is not 
linear, however, it will produce harmonics and may cause 
trouble. The last i.f. valve is usually the danger point. It 
may be remarked that this type of interference is more likely 
to occur with modem receivers than with older sets, for it 
is now the custom to operate the detector at a large input and 
this not only makes harmonic production more likely, but 
results in a bigger voltage being fed back to the input 
through a given amount of coupling. 

At first sight it would appear that this trouble is easily 
diagnosed, for one would expect whistles to occur only at 
certain definite signal frequencies which are multiples of the 
intermediate frequency. This is not so, however, and with a 
low intermediate frequency it is possible for there to be a 
whistle on practically every medium wave station ! 

A Band of Frequencies 

This effect is brought about by the fact that the i.f. amplifier 
passes a band of frequencies and this bandwidth is effectively 
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multiplied by the degree of harmonic involved. Suppose, for 
instance, that the intermediate frequency is no kc/s, and that 
high harmonics are troublesome. In a high-quality receiver, 
frequencies up to g kc/s may be passed, so that the i.f. amplifier 
will respond to frequencies between loi kc/s and 119 kc/s. 

If it is desired to receive a station on 970 kc/s one would not 
at first expect there to be any trouble, for the nearest harmonic 
frequency is 990 kc/s, which is ao kc/s away from the wanted 
signal. If the tuning is altered slightly, however, so that the 
set is tuned to 968 kc/s, the station still remaining on 970 kc/s, 
the intermediate frequency produced by the oscillator beating 
with the signal will be 108 kc/s ; the ninth harmonic of this is 
972 kc/s, and this will beat with the signal to produce a 2,000 
c/s note. Thus although there may be no whistle when the 
set is tuned exactly to the station, it will appear with quite a 
small degree of mistuning. 

Table 14.1 sho%vs the range of frequencies over w^hich this 
type of interference may be found with an intermediate fre- 
quency of no kc/s. On the long waveband, the band of 
202-238 kc/s may contain whistles and, with the exception of 
the band of 595-606 kc/s, the whole of the medium waveband. 
In some cases, the possible interference bands for each harmonic 
overlap. Thus, the 9th harmonic may cause trouble between 
909 kc/s and 1,071 kc/s, the loth from 1,010 kc/s to 1,190 kc/s, 
and the nth from i,iii kc/s to 1,309 kc/s. 

It can be seen that in the band 1,010-1,071 kc/s both 9th 
and loth harmonics can cause whistles, while in the range 
1,111-1,190 kc/s the loth and nth harmonics may give trouble. 
Table 14.2 shows the results with a higher intermediate fre- 
quency of 465 kc/s and it can be seen that only the 2nd and 3rd 
harmonics can possibly give this type of interference and the 
ranges over which whistles may be experienced are confined to 
912-948 kc/s and 1,368-1,422 kc/s. 

In practice, the high harmonics do not usually cause serious 
trouble, for they are much weaker than the 2nd and 3rd 
harmonics, and if the stray couplings are kept small enough for 
only a moderate degree of 2nd and 3rd harmonic interference, 
the higher harmonics are likely to be negligible. It is, however, 
very difficult completely to eliminate trouble from the 2nd and 
3rd harmonics, for in sensitive receivers the merest trace of 
coupling between the circuits concerned will. lead to prominent 
whistles at the appropriate signal frequencies. In bad cases, 
actual instability may be set up when the set is tuned to twice 
the intermediate frequency. ^ 
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Fig. !4.3 : In order to e!imin?.te i f. harmonic feedback a circuit tuned to twice 
the intermediate frequency is sometimes needed in the detector 


The remedies are really the same as those necessary in a 
straight set suffering from instability, but when testing, it is, 
of course, necessary to provide a signal at the appropriate 
frequency in order to obtain the whistle. Although a receiver 
may be unstable with or without a signal, the worst effects of 
harmonic feedback are only apparent when a signal is present. 

In order completely to eliminate the trouble, very thorough 
screening of the detector is essential and in some cases of the 
i.f. amplifier also. Such screening will be nullified if currents 
of the harmonic frequencies are allowed to flow in the con- 
necting leads to other circuits. The h.t. supply to the last 
i.f. valve must be well decoupled, and sometimes the screen 
supply also, while the a.g.c. line must have an initial stage of 
filtering placed as closely as possible to the a.g.c. diode and 
contained within any detector screening. 

The filtering in the a.f. output circuit of the diode detector 
must be good, otherwise the harmonic-frequency potentials 
may be amplified- in the a.f. stages and radiated from them. 
In some cases, it is necessary to use a tuned filter circuit, as 
shown in Fig. 14.3, tuned to the 2nd harmonic of the inter- 
mediate frequency. The coil employed in this circuit should 
be of suitable inductance to tune to the required frequency with 
a capacitance C of about 30-50 pF. 

This form of interference, although objectionable, can 
occasionally be turned to good account. When a calibrated 
test oscillator is not available the chief difficulty in trimming 
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an i.f. amplifier is that one has no knowledge of the frequency 
to which it is adjusted. It is possible to deduce the frequency, 
however, by noting on which stations the whistles caused by 
harmonic feedback occur. By introducing deliberate coupling 
between the detector and aerial circuits, as by running the 
aerial lead amid the detector wiring, a strong whistle should 
be obtained from the 2nd harmonic. 

The accuracy is only reasonably high if several whistles can 
be found. The set should be tuned accurately to each station 
and the pitch of the whistle noted. The station on which the 
whistle has its lowest pitch should be selected and the inter- 
mediate frequency is then nearly equal to one-half the frequency 
of the station. If the whistle has a pitch of about i,ooo c/s, 
the error in estimating the intermediate frequency is only 
about I kc/s. 
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FREQUENCY-CHANGERS 

N early all modem superheterodynes have a frequency- 
changer (or mixer) of the multiplicative type, and the 
once popular additive type is rarely found in ordinary 
apparatus. The multiplicative mixers are those in which the 
signal and oscillator voltages are applied to different electrodes 
and the alternating anode current depends on the product of the 
two control-electrode voltages. In an additive mixer, however, 
the signd and oscillator voltages are usually applied to the same 
control electrode, and the anode current is then a function of the 
sum of the voltages. 

Typical examples of multiplicative mixers are heptodes and 
hexodes — ^whether or not combined with triode oscillator 
sections — but tetrodes or pentodes with anode or suppressor 
injection of the oscillator voltage are also of this tj-pe. The 
additive mixers are diodes, triodes or any other valve in which 
the signal and oscillator voltages are applied to the same control 
electrode. 
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Fig. 15.2: Single-valve frequency-changers using a tetrode or pentode valve 
were at one time often used in the cheaper sets 


The great practical difficulty with additive mixers lies in the 
coupling between the signal and oscillator tuned circuits. This 
makes the oscillator frequency dependent on the signal-frequency 
tuning, and as a result, ganging becomes quite difficult. The 
most successful circuit of this type is the cathode-cou{ 5 led fre- 
quency-changer of Fig. 15.1, A triode oscillator V2 of con- 
ventional design is used and the mixing valve is a tetrode or 
pentode Vj adjusted to work as an anode-bend detector, cathode- 
bias being obtained by Ri. The si^al input circuit is LiCj, 
and the oscillator voltage is injected into the cathode circuit by 
means of the coupling coil L3. 

The voltages across LiCi and L3 clearly add between grid 
and cathode, and there is at first sight no coupling between the 
tuned circuits themselves. In actual fact, however, there is 
coupling through the grid-cathode capacitance C3 of Vj, Even 
with an intermediate frequency as low as no kc/s, the circuit is 
quite satisfactory on the medixim waveband, and the pulling 
between the circuits is small enough to be unimportant. 

Pulling is very serious on short waves, however, and the 
circuit diere becomes almost impracticable. For the best 
results Vi should not be of the variable-mu type and it should 
not be connected to the a.g.c. system. 

A similar circuit to this, but one in which a single valve 
acts as a detector-oscillator, is shovTi in Fig. 15.2. The signal 
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circuit IS LiCi and the oscillator L2C2C3. The latter is fed 
through C4 from the valve anode and coupled to the cathode 
coil L3 which forms the reaction coiL The i.f. transformer 
primary Js tuned by C4, and the oscillator tuned circuit actually 
forms a part of the primary circuit. At the oscillator frequency, 
the transformer primary functions as an r.f. choke, while the 
i.f. trimmer C4 becomes the feed capacitor for the oscillator 
circuit. 

The circuit is not suitable for short waves, but can be made to 
give good results on the medium and long wavebands. C4 is 
adjusted in the usual way at the intermediate frequency, for it is 
the first i.f. trimmer. The signal and oscillator circuit trimmers 
are also adjusted quite normally. 

The performance is more dependent upon the kind of valve 
used than most circuits, and this is likely to be the greatest 
practical difficulty with it to-day. It is only found in sets 
of about 1932-1934 manufacture and the vdves used are 
now obsolete. A replacement of different characteristics will 
probably demand some juggling with screen and bias voltages, 
and even then, the results may not be as good as they were 
originally because the grid-cathode capacitance will probably 
be different. 

This type of mixer was also used sometimes in battery sets 
and then the circuit usually took the form of Fig. 15.3. Here 
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two coupling coils are used — one in each filament lead — 
because there is no separate cathode to the valve. It is 
important that these coils be of low dx. resistance, otherwise the 
voltage drop across them will result in the valve being underrun. 
In other respects the circuit functions like the mains variety of 
Fig. 15.2. 

The multiplicative mixers fall into twx main categories — 
heptodes and octodes, with the oscillator voltage applied to an 
inner grid and the signal to an outer grid, and pentodes, hexodes, 
and heptodes in which the signal is applied to an inner grid and 
the oscillator to an outer. These valves usually have a built-in 
triode oscillator section, but some have not and require a 
separate oscillator ; even those having a built-in oscillator are 
sometimes used with a separate one. 

The essential difference between the heptode and the octode 
of the first category is that the latter has one more grid. It is 
connected internally to the cathode and can be ignored by the 
user. It is a suppressor grid and tends to increase the a.c. 
resistance of the valve. The essential difference between the 
heptode and the octode is thus the same as that between the 
screened tetrode and the pentode. 
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The basic circuit for both valves is shown in Fig. 15.4. 
Numbering the grids in order from the cathode, gi and gj 
form the oscillator electrodes and with the cathode give a triode 
oscillator. The anode '' ga usually consists of a number of 
bars mounted away from the main electron stream, but gi is a 
proper grid in the main stream. This electron stream is 
modulated by the oscillator and passes through the inner screen 
grid g3 on the outside of w’hich it forms a virtual cathode. The 
density of this virtual cathode varies at oscillator frequency 
since it is dependent on the instantaneous potential of g^. 
Electrons from it are attracted by the positive outer screen 
grid g5 and in their passage to it are controlled by the signal 
grid g4, w’hich usually has variable-mu characteristics. Outside 
gs the electrons pass to the anode to form the anode current, 
the value of w’hich depends on the instantaneous potentials of 
both gi and g4. 

There is little special about fault-finding with this type of 
mixer. The electrode potentials should be checked in the 
usual w^ay and the oscillator amplitude can be measured by 
noting the grid current through the grid leak — again as in any 
other grid leak oscillator. 

Coupling between the signal and oscillator circuits is by no 
means absent, for there are not only small inter-electrode 
capacitances but there is a negative mutual conductance effect 
betw’een gi and g4. The valve is a great improvement on the 
cathode-coupled pentode of Fig. 15,1 and can be used effectively 
on short waves. Above about 15 Mc/s, however, the coupling 
between the circuits is really excessive and although the circuit 
can be made to work quite well it becomes a little tricky. 
Some octodes include a built-in neutralizing capacitor to reduce 
coupling effects, and these are a considerable improvement. 

The second category of multiplicative mixers is illustrated 
by the triode-hexode of Fig. 15 .5 . This is a mixing hexode and 
a separate triode built into one envelope and having the 
cathodes internally connected. The triode grid is also usually 
joined internally to the injector grid gs of the hexode. A 
triode-heptode is essentially the same, but has a suppressor 
grid betw^een the outer screen grid g4 and the anode. It con- 
sequently has a higher a.c. resistance. 

In general, the valve is much more suited to short wave 
reception than the heptode or octode. Because of the separate 
cathode for the oscillator section, the triode part is of higher 
mutual conductance and so oscillates more readily. This 
means that the valve will function efficiently at higher frequencies 
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and also that at frequencies where both are efficient better 
frequency stability can be obtained. In addition, the triode- 
hexode is superior because the coupling between the signal and 
oscillator parts of the valve is lower. In practice, this lower 
coupling is achieved only if the amplitude of oscillation in the 
triode section is kept below a certain maximum. 

These mixers like the triode-hexode, with g^ for the signal 
grid, have two disadvantages compared with the heptode type 
in which is the oscillator grid. Electron transit times are 
greater and at really high frequencies — above about 25 Mc/s — 
they have a lower input impedance at the signal grid. They 
also take a larger cathode current. This last is unimportant in 
a mains set, but is the reason why they are not common in 
battery sets. 

Instead of a double valve, two separate valves can be used 
and at one time an r.f. pentode mixer wdth separate triode 
oscillator was sometimes employed. The suppressor grid w'as 
used for oscillator injection, being frequently connected directly 
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to the ttiode grid. The objections to this arrangement are 
that a very large oscillator amplitude is needed because the 
suppressor grid is usually of too open mesh to give good control 
over the electron stream, and the mixer has a low output 
resistance and so damps the i.f. transformer heavily. 

Nowadays, even when two valves are used, the mixing valve 
is nearly always a hexode or heptode, the most frequent course 
being to use a triode-hexode or triode-heptode and ignore the 
triode section. The advantage of using a separate valve for 
the oscillator is that it is often possible to obtain better fre- 
quency stability. 

For a frequency-changer to be satisfactory it is necessary not 
only that it be efficient and as free as possible from harmonic 
generation, but that the oscillator stability be high. This last 
means that the oscillator frequency should be dependent on the 
setting of the tuning control only. In practice, this is never 
achieved. It is always affected in some degree by its own 
electrode potentials, by the electrode potentials of the mixer, 
and by temperature. These are dealt with in detail later, but it 
is often easier to reduce them when the mixer and oscillator 
valves are entirely separate than when they are combined in one 
envelope. 

Whatever the form of the mixer, the oscillator itself follows 
more or less standard lines and typical circuits are shown in 
Fig. 15.6. Oscillator grid bias is nearly always obtained by 
using a grid leak and capacitor, as in (a) and (c), but occasionally 
cathode-bias (6) is adopted. 

When oscillator and mixer are a multiple valve, the tuned- 
grid oscillator (c) is nearly always used, but when it is entirely 
separate the tuned anode circuit is sometimes adopted. More 
often, the cathode-tap Hartley circuit is used and sometimes the 
modified Colpitt's as shown in Fig. 15,7 (a) and (b) respectively. 
The latter oscillates by virtue of the grid-cathode capacitance of 
the valve and the cathode-earth capacitance, which includes the 
self-capacitance of the choke Ch. This circuit is suitable only 
for short waves. 

Whatever kind of oscillator is used it differs from an amplifier 
in one important way — the anode current has a value 
when the valve is oscillating which is different from that when 
it is not oscillating. This enables a ready test for* an oscillator 
to be devised and it is important because the failure of the 
oscillator will render any superheterodyne inoperative. 

The test is to connect a milliammeter in series with the 
anode feed resistor Ri (Figs. 15.6 and 15.7), on the h.t. side 
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Fig. 15.6 : Broadcast receivers usuaSIy 
have a tuned-gnd oscillator (r), but tuned- 
anode circuits (a) and (b) are sometimes 
used 

of it, and to note the current 
passing. The valve must then 
be placed in a definitely non- 
oscillating condition and it is 
usually easiest to do this by 
short-circuiting either the grid 
or anode coil. If the current is 
then found to have the same 
value as at first, the valve is 
not oscillating, but if a difiFerent 
value of current is found, then it is quite certain that the valve 
oscillates. The direction of the change of current depends upon 
the method of biasing. 

With grid leak oscillators (a) and (c), Fig. 15.6 the current is 
lower when the valve is oscillating than when it is not ; con- 
sequently, if all is in order, short-circuiting one of the coils 
should cause a rise in anode current. In a typical case, the 
anode current of an oscillating valve might be 3 mA, whereas 
with the same applied voltages it might be 5 mA when the valve 
is not oscillating. 

In cases where battery or cathode biasing is used, however, 
the current is higher in the oscillating than in the non-oscillating 
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condition and the change of current is much larger. A feed 
resistance is often essential to limit the current, for if the 
possible current consumption is not restricted in some such way, 
it can be very heavy indeed ; a small battery valve can easily 
take 20 mA or more. 

When checking for oscillation, care should be taken to check 
at several different points throughout the tuning range, for it 
often happens that oscillation is obtained over a portion of the 
range only. In general, when the valve is oscillating the anode 
current varies somewhat over the tuning range and with a grid 
leak oscillator it usually increases at the low frequency end of the 
tuning range. 


Causes of Non- Osci Nation 

Non-oscillation may be due to many defects which are in 
essence no different from those which may occur in any stage. 
Incorrect voltages, a defective valve, a faulty capacitor, short- 
circuited turns on a coil, can all cause this fault to develop and 
can be found by the application of the usual tests. With a 
newly-constructed receiver, hovrever, or when alterations to 
this portion of a set have been made, the connections to the coils 
should always be checked. The correct connections are always 
the same and are easily memorized if the tuned and reaction 
coils are regarded as a continuous winding which is merely split 
at one point for the h.t. and valve cathode connections; the 
two outer ends are then the grid and anode connections. In 
other words, if both coils are wound end to end and in the same 
direction, the outer ends must be taken to grid and anode. The 
same connections hold if one coil is wound over the other, as 
can readily be seen if one imagines the coils to be pulled apart 
so that they are end to end. With multilayer coils wound in the 
same direction, if the outer end of one coil is taken to anode, the 
inner end of the other must be joined to grid. 

Although it is necessary that the oscillator shall function 
smoothly over the waveband, this alone is not sufficient to ensure 
satisfactory operation of the frequency-changer. It is necessary 
also that the right amplitude of oscillation be applied to the 
mixer. When the oscillator valve is quite separate this may be 
achieved in the coupling between the two, but with a combined 
valve it must be arranged by adjusting the output of the oscillator 
itself. With the usual triode-hexode the amplitude can easily 
be checked by inserting a microammeter in series with the grid 
leak at X of Fig. 15.5. 

When the valve is not oscillating the grid current will be of 
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Fig. 15.7 : The Hartley (a) and Colpitt’s (b) oscillators are quite frequently used 
in short-wave equipment 


the order of lo fiA and it will be much higher when it is 
oscillating. The change of current in microamperes multiplied 
by the value of the grid leak in megohms gives a figure which is 
about 83 per cent of the oscillator r.f. voltage. Thus, if the 
change of current is 200 [jlA and the grid lealc is 0-05 MH, the 
oscillator amplitude is about 12 V. 

The efficiency of the frequency-changer is a function of the 
oscillator arnplitude. As the latter is increased from zero, the 
efficiency rises rapidly, reaches a maximum, and then falls 
slowly. The maximum is usually at about 10 V oscillator 
amplitude, but it is high over the range of about 8 V to 20 V. 

It will often be foimd that the oscillator amplitude varies 
considerably as the set is tuned over a waveband. It often 
varies in the ratio of 2 or 3 to i , and it usually falls towards the 
low-frequency end of the band. As the maximum of the 
oscillator amplitude-efiiciency curve is a very flat one, it might 
be thought desirable to adjust matters so that the lowest 
amplitude is about 8 V and to let the variations be all above this 
on the flat part of the curve. 

While it is sometimes permissible to do this on the medium 
and long wavebands, it should never be done on short waves. 
In the author’s experience the optimum oscillator amplitude is 
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a maximum -vhich should never be exceeded on short waves. 
Excessive oscillator voltage gwes rise to coupling between the 
signal and oscillator circuits and if the difference between their 
resonance frequencies is only a small fraction of the oscillator 
frequency, as it is on the short waves, the signal circuit can be 
shock-excited by the oscillator under certain tuning conditions. 
The effect is a number of very strong spurious signals. 

It is brought about by an excessive instantaneous negative 
potential on the injector grid of the mixer. The normal 
operation of the hexode is that the electron stream from the 
cathode is attracted by the positive screen gg and modulated en 
route by the signal grid g^. Some of the electrons land on gg, 
but the majority pass though it to form a virtual cathode outside 
gg, the density of this virtual cathode varying in accordance 
with the signal applied to g^. The outer screen g^ attracts 
electrons from this virtual cathode and they are modulated in 
their passage to it by the oscillator voltage on the injector grid 
gg. Some land on g^, but most pass through it and reach 
the anode. 

Maximum efficiency is obtained when the oscillator ampli- 
tude is such that g 3 is so negative during most of the oscillator 
cycle that the current to gi and the anode is completely cut off. 
The current then passes in short spurts when the oscillator 
voltage swings positively. The oscillator, in fact, acts as an 
interrupter. 

Now the position of the virtual cathode outside gg depends 
on the potential of gg as well as on that of gg and When 
the potential of gg is very negative the virtual cathode is pushed 
close to gg. Electrons which come through gg with a velocity 
above the average are turned back and may be so repelled by 
the negative grid that they pass through gg a second time and 
find themselves travelling tow^ards gi on the inside of gg. 
They soon turn back towards gg and either land on it or pass 
through it once again to its outside. While inside gg, however, 
they induce a charge on g^ and a minute grid current flows. 

The resulting current is of a random nature, but as it can only 
occur when the injector grid potential is more negative than a 
certain value, it is definitely related to the oscillator frequency. 
The nejuest simple description is perhaps to call it a random 
current interrupted at oscillator frequency. 

Even if the oscillator amplitude is such that electrons do not 
actually return through g2, the change in position of the virtual 
^thode outside gg is sufficient to influence gj^ to some extent, 
because the screening effect of gg is not perfect. 
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The net result of all this is to give some coupling between 
the signal and oscillator circuits and to set up some oscillator 
voltage on gj* The oscillator voltage on gi increases as the 
ratio of the signal and oscillator frequencies gets nearer to 
unity — that is, as the frequency increases — and the first result 
is to produce grid current at low signal grid biases. It is, there- 
fore, common practice to use more grid bias on gj on short 
waves than would be necessary on the medium waveband. The 
second result is to produce spurious signals which are often 
suggestive of instability of the r.f. amplifier. 

To avoid these effects it is most important to limit the 
amplitude of oscillation to a maximum which is usually about 
lo V, and to let any variations in the amplitude occur below 
this figure. Variations of the order of 3-1 can no longer be 
tolerated, however, for the efficiency would suffer severely. 

Constant Oscillator Output 

It is necessary, therefore, to obtain a more even output from 
the oscillator and there are several expedients which can be 
adopted. In general, the oscillator output is at a maximum at 
or near the high-frequency end of the tuning range because, 
with variable capacitor tuning, the dynamic resistance of the 
tuned circuit increases with frequency. One simple way of 
reducing the variations of output is to shunt the tuned circuit 
with a resistance. If this is equal to the d^amic resistance at 
the low-frequency end of the band, the %^ariation of total dynamic 
resistance over the band must be less than 2:1. The output 
at all points is reduced, but can be brought back to normal by 
increasing the reaction coupling and/or the h.t. voltage. 

While sometimes useful, this scheme is not a good one 
because the tuned circuit is more heavily damped and the 
frequency stability is consequently reduced. Better alternatives 
are to connect resistances in series with the grid or anode leads 
of the valve. In conjunction with the valve capacitances they 
form attenuators giving more attenuation at high frequencies 
than at low, and so even up the output. The values depend on 
all the other circuit constants and must be found by trial, but 
50 Or to 1 ,000 Cl is usual. Unfortunately, even these resistances 
reduce frequency stability, for not only do they damp the tuned 
circuit, especially at the high-frequency end of the band, but 
they cause a phase change in the oscillator circuit. 

Apart from parasitic oscillation and spimous signals, wWch 
must at all costs be avoided, the most important thing in a 
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frequency-changer is the frequency stability of the oscillator. If 
the set is not to require continual re-tuning, it is essential that 
any incidental changes of oscillator frequency be small compared 
\vith the bandwidth of the i.f. amplifier. Thus suppose that 
the bandwidth is lo kc/s. When a signal is tuned in it will be 
centred on the pass-band and both sidebands up to 5 kc/s will 
be passed. Now if the oscillator drifts by i kc/s the carrier 
will be I kc/s off the centre of the pass-band and sidebands 
up to 4 kc/s on one side and 6 kc/s on the other will be passed. 
Double-sideband reception up to 4 kc/s only will then be 
possible, with an approach to single-sideband reception up 
to 6 kc/s. There will be some change of quality, but in this case 
not very much. 

Suppose, however, that the drift reaches 5 kc/s. Double- 
sideband reception will be confined to the lower frequencies, 
and there will be single-sideband reception up to 10 kc/s. 
There will then be considerable amplitude distortion because 
the linear detector required for double-sideband reception is 
very far from right for single sideband. If the drift is any 
greater, tlje carrier will fall outside the pass-band and its 
amplitude will fall very rapidly ; it may easily become weaker 
than the sidebands. In general, if distortion is to be small the 
frequency drift must not exceed some 10 per cent of the band- 
width. On short waves, where the signd is probably already 
distorted by selective fading, probably 20 per cent drift can be 
tolerated. 

Drift is especially important in push-button sets, because 
unless a.f.c. is fitted, the user has no way of correcting for it. 
It must then be kept always below 10 per cent of the band- 
width. 

Oscillator drift arises from many different causes, but there 
are always small changes in the values of the circuit “ constants”. 
The oscillator inductance and capacitance are both affected by 
temperature, while the mutual conductance and a.c. resistance 
of the valve are affected by the voltages applied to the electrodes. 
Any factor which alters the effective resistance or reactance of 
the oscillator tuned circuit affects the frequency. 

The degree of stability required is very high indeed on short 
waves and is by no means easy to achieve. On the medium 
waveband, i kc/s drift corresponds to a stability varying from 
I part in 1,000 at the low-frequency end to i part in 2,000 at the 
high-frequency end. At 30 Mc/s (10 metres), however, it is 
I part in 30,000. 

The frequency variations are o£ two kinds — slow and rapid. 
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The slow changes are usually caused by temperature effects. 
When a set is first switched on the temperature of all its parts 
is at the ambient; i.e., the temperature of the room. Heat is 
generated in the cathode of the oscillator and as a result of 
expansion the inter-electrode capacitances change. The major 
part of this change occurs before the valve is properly operative, 
and is unimportant, but small changes may still occur for some 
minutes afterwards. The effect on frequency depends largely 
upon the fraction of the total tuning capacitance which the 
changes represent. To keep the effect small the tuning 
capacitance should be as large as possible. 

In addition to the oscillator, all the valves in the set produce 
heat, and the mains transformer, speaker field, and resistances 
contribute their quota. A typical mains set consumes 6o to 
100 watts and all but the minute proportion radiated as sound 
by the loudspeaker is dissipated as heat within the cabinet. It 
is, therefore, inevitable that the temperature inside the cabinet 
should rise above the ambient. 


Ventilation 

The extent of the rise depends chiefly upon the arrangements 
for ventilation and with good design it can be kept small. With 
good design, too, the set will attain its final temperature quickly. 
Unless temperature compensation is adopted, the oscillator 
frequency will drift while the temperature is changmg^ In 
some of the older sets it is not uncommon for the oscillator to 
drift s kc/s or so in the first 15 minutes after switching on, even 
on the medium waveband. In such sets it may take an hour 
or so for real stability to be reached. 

The layout of the parts and the ventilation have an enomious 
effect upon the stability. This is easily seen by considering an 
extreme case. Suppose the set is completely se^ed so that there 
is no ventilation at and suppose also that the case is perfectly 
lagged so that there is no loss of heat through its walls. Heat 
is continually being generated inside the case, and there is no 
loss of heat ; therefore, the temperature rises continually. 
Frequency stability is then never achieved. 

If the case is not perfectly lagged, the interior will eventually 
reach a temperature such that the loss of heat through its w^s 
equds the rate of internal heat generation. A stable conchtion 
then exists .and drift will cease. If ventilation is provided, 
however, heat will be lost more easily, and the stable condition 
will be reached at a lower temperature and more quickly. The 
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drift will be reduced in magnitude and reach its maximum 
value more quickly. 

The main principles in reducing thermal drift are to get the 
heat necessarily produced in the frequency-changer away from 
it as quickly as possible and to prevent heat generated in other 
parts of the set from reaching it. The first thing is to mount 
especially hot parts like output valves, rectifiers, speaker fields 
(and sometimes mains transformers !) and hot resistors as 
far as possible from the frequency-changer circuits. The 
second thing is to give these hot parts plenty of ventilation so 
that the heat is taken right outside the cabinet. This is best 
done by providing holes in the case immediately above and 
below the hot parts and adequately large holes in the chassis. 
For an output valve of 10-15 watts anode dissipation a hole 
i^-in diameter immediately above it and another below it are 
adequate if the chassis has holes of the same total effective area 
around the valveholder. The holes in the case must usually be 
covered with gauze, so that the effective area is reduced, and 
becomes perhaps only i sq in. Eight holes of o-4-in diameter 
spaced around the valveholder will provide an unimpeded path 
for the air flow. 

Never forget the chassis holes. It is no use making a large 
outlet at the top of the set and a large inlet at the bottom, if the 
chassis between the two obstructs the free flow of air between 
them. 

If the construction is such that it is not possible to space the 
hot parts widely from the frequency-changer, then having 
provided ventilation as described above, it will pay to erect a 
heat screen around the hot parts. This should take the form of 
a vertical metal screen fitting tightly between the chassis and 
the case. As the hot parts are usu^y above the chassis, it is 
generally sufficient for the heat screen to^ be above the chassis’ 
only, but if there is an3rthing hot underneath, then a screen will 
be needed there too. The screen should be of bright metal, 
preferably polished, on the side facing the heat. It is some- 
times advant^ous to lag the other side with heat insulating 
material, but is often unnecessary. 

The frequency-changer itself should be laid out so that its 
parts are in as cool a place as possible. It is usually best to 
mount the gang capacitor above the chassis and alongside the 
valve, with the oscillator coil and all triomiers and switches 
under the chassis beneath the gang capacitox. Any resistances 
generating an appreciable amount of heat, such as h.t. dropping 
resistances and screen*-feed potential dividers, should be 
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mounted above the chassis and well away from the gang 
capacitor. 

The valve will generally need a screen for electrical reasons 
and the opportunity should be taken of turning it into a chimney 
for ventilation. To this end it should be of such height that 
it almost touches the top of the cabinet, which should have a 
hole cut in it immediately above. The top of the valve screen 
must not be solid, as it usually is, but must be covered with 
gauze or have a large number of holes drilled in it. The chassis 
around the valveholder and inside the screen must be drilled 
with a large number of holes to allow the free entry of air. The 
inside of the can should be of bright metal. 

This screen not only provides the electrical screening neces- 
sary, but prevents the valve heat from reaching the gang 
capacitor and keeps the valve temperature itself at a minimum 
by the cooling effect of the draught up the chimney. 

The main practical difficulty in providing a set with adequate 
ventilation lies in disguising ihe appearance of the outlet holes 
on the top of the cabinet. Some ingenuity is often needed, 
but if sufficient trouble is taken it can be done, and it is well 
worth while, for in addition to reducing frequency drift the 
general temperature is reduced and components are likely to 
have longer lives. 

A radio-gramophone is particularly difficult to ventilate 
because the motor and turntable usually prevent one from 
placing the outlet holes above the set. The b^t thing to do then 
is to place the receiver right at the bottom of the cabinet and to 
fit a deflector plate above it to guide the hot air to an outlet at the 
top of the bade of the cabinet. Alternatively, give the set itself 
a closed case with ventilation holes at top and bottom, and pro- 
vide chi^eys ’’ from the top holes to outlets at the top-back 
of the cabinet proper. 

Even when all has been done that can be done in the way of 
ventilation there will still be some frequency drift with tempera- 
ture. Even if there were no internal heating, there would still 
be changes in the ambient to consider. There is a considerable 
difference between an unheated room on a cold day and that 
same room an hour after lighting a fire ! 

Whether or not the drift so caused is important depends on 
the bandwidth and the signal frequency. On the medium 
waveband and with a moderately wide pass-band, it is not very 
important, except in push-button sets where the user cannot 
re-tune if th&e is excessive drift. On short waves with a narrow 
pass-band it can be very important. 
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Temperature compensation is often adopted in order to pre- 
vent changes in the ambient temperature and unavoidable 
internal heating from causing frequency drift. Normal com- 
ponents in the oscillator circuit have positive temperature 
coefficients; that is, their capacitances and inductances increase 
with a rise of temperature. It is, however, possible to obtain 
capacitors with a special dielectric having a negative tempera- 
ture coefficient. 

By including such capacitors in the oscillator circuit it is 
possible so to balance the positive and negative temperature co- 
efficients that the net coefficient for the circuit as a whole is 
zero. It is usually possible to do this only at one frequency, 
but by making this frequency towards the middle of the wave- 
band a considerable reduction of drift over the whole band can 
be secured. In push-button sets of the type in which switching 
is used to select a different oscillator circuit for each station, 
individual compensation is possible on each station. 

The temperature compensating capacitor is sometimes made 
adjustable, but its adjustment is apt to be a rather lengthy 
business. After each alteration to it it is necessary to put the 
set through a complete cycle of temperature change in order to 
determine its effect. Such a cycle can hardly take less than an 
hour, and may be much more. 

In general, if the set has been compensated correctly in the 
first place subsequent adjustments are needed only if a valve or 
component in the oscillator circuit has been replaced by one of 
different type. The compensation, therefore, should normally 
be left alone unless a drift test shows that it needs attention. 
Such a test should always be made, for excessive drift is a 
particularly annoying defect. 

In addition to the slow changes of frequency produced by 
thermal effects, short-period changes are often formd. These 
are usually caused by variations in the voltages applied to the 
oscillator and mixer valves. For maximum stability the 
oscillator valve should be of high mutual conductance and very 
loosely coupled to the tuned circuit which shoiild itself be of 
high Q, The amplitude of oscillation should also be kept as 
small as possible. As pointed out earlier, therefore, it is im- 
portant that any methods adopted to secure an even oscillator 
output over the tuning range should damp the tuned circuit as 
little as possible. 

Sometimes quite elaborate arrangements are made to achieve 
high stability, bpt the details of design are usually by no means 
obvious. With some circuits, for instance, it may well happen 
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Fig. 15.8 : A simple neon stabilizer for the oscillator h.t. supply often con- 
siderably improves the frequency stability 


that an increase of voltage on one electrode of the valve may 
cause a reduction of frequency while an increase on another may 
produce an increase. By proper choice of the feed resistances 
It can then be arranged that the change of voltage on one elec- 
trode is corrected by the change on the other, and a variation in 
the h.t. supply voltage produces no change of frequency. In 
such a case the circuit diagram gives no indication at all that the 
set has such compensation. 

In general, compensation of this nature is rarely more than 
partial in broadcast receivers and variations of the h.t. voltage 
do affect the frequency to some extent. It is, of course, quite 
easy to stabilize the h.t. supply to the oscillator, for the voltage 
and current required by the valve are usually quite small. A 
neon tube can be used, as shown in Fig. 15.8. Special neon 
stabilizers are usually made to wnrk at aboui ioo"V and are 
available for a number of different current ratings. One for 
some 10 mA is generally suitable, and in such a case one would 
choose Ri to drop the h.t. line voltage to 100 V at 10 mA and 
R2 to drop from 100 V to the required oscillator voltage at the 
oscillator current. 

As an example, suppose that the h.t. line is at 250 V, and 
that the oscillator requires 5 mA at 60 V. With the above 
neon, R^ must drop 150 V at 10 mA, so it must be 15,000 Q; 
Rg must drop 40 V at 5 mA and must be 8,000 Q. 

The tube functions because it has a very low differential 
resistance with a relatively high d.c. resistance. If the h.t. 
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voltage rises the current through the neon increases so much 
that the voltage drop across increases very nearly as much as 
the increase of h,t. voltage; the voltage across the neon, there- 
fore, rises by a very small amount only. 

The degree of stabilization obtainable depends on the neon 
tube, but also on the value of Ri, and it increases with R^, 
Ordinary neon lamps used for lighting can be employed if they 
can be obtained without the resistance which is usually fitted 
into the base. The working voltage must be found by trial, 
however, and it is sometimes as high as 170 V. 

Stabilization of the oscillator anode voltage alone does not 
necessarily improve the frequency stability of a complete 
frequency-changer, however, for voltage changes on the mixer 
electrodes may affect the frequency in the opposite way to 
changes on the oscillator itself. Strictly, therefore, stabilization 
of the whole h.t. supply to the mixer is desirable, but it is not 
always easy because the mixer takes a total current of 10-20 mA 
at up to 250 V. Generally speaking it is impracticable tmless 
the h.t. line is at least 350 V. 

At the present time it is most unusual to find h.t. stabilizers 
in broadcast receivers, and the designer selects values for the 
various feed resistances on the frequency-changer to give the 
maximum stability. It is, therefore, unwise to change resistance 
values or the type of valve used, since although the performance 
in other respects may be unaltered or even improved, such 
changes may well affect the frequency stability. 

Effect of A.G.C. 

Some of the most serious effects on frequency stability arise 
through a.g.c. and their cause is often unrecognized. The 
oscillator frequency can be affected by the a.g.c. voltage both 
dhectly .and indirectly. The direct effect arises when a.g.c, 
bias is applied to the signal grid of the mixer for it alters the space 
charge distribution in the valve, and hence the input capacitance 
of the injector grid. It also changes the currents drawn by the 
various electrodes, and so the voltages applied to them. 

The effect is usually less with mixers having an inner grid 
for the signal, such as the triode-hexode, than with those like 
the heptode iri which the signal is applied to an outer grid. 
Nevertheless, it is the general practice wherever possible to 
avoid applying a.g.c. bias to the mixer. It is usually only in 
sets having an r.f. stage that one can avoid it, however, and in 
Ae stn^er sets, with a mixer and one i.f. stage, a.g.c. must 
be applied to the frequency-changer if it is to be of any real use. 
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The indirect effect of a.g.c. on the oscillator frequency occurs 
even when a.g.c* is not applied to the mixer, and it occurs 
because the regulation of the h.t. supply is not perfect. Changes 
of a.g.c. bias vary the current drawn by the controlled valves, 
and so the load on the h.t. supply. The h.t. voltage thus 
varies by an amount depending on ‘its regulation and the h.t. 
supply to the mixer varies, so affecting^ the oscillator frequency. 

In the absence of a stabilized supply for the mixer, all one can 
do is to see that the mixer is fed from a point on the h.t. supply 
system at which the regulation is as good as possible. To 
this end, the oscillator is sometimes fed through resistance- 
capacitance smoothing circuits directly from the output of the 
h.t. rectifier. Only the rectifier itself and the mains trans- 
former are then common to all valves and the oscillator anode 
voltage is much less affected. 

The effect of a.g.c. on instability often passes unnoticed 
because it is troublesome only on a fading signal. On such a 
signal the varying oscillator frequency results in distortion 
which is very like that caused by selective fading, and the cause 
is usually attributed to such fading. 

In order to check a set for this effect a signal from a test 
oscillator should be applied to the input and its output varied 
over a wide range while continually checking the tuning. If 
the tuning varies with input, then the a.g.c. voltage is affecting 
the oscillator stability. 

It is very important that the test oscillator be one in which 
the output control has no effect on frequency, for otherwise the 
test is completely useless. This rules out many otherwise 
excellent test oscillators, for in the cheaper types it is not un- 
common to find that the output control affects the test oscillator 
frequency more than a.g.c. affects the set oscillator. 

Lest it should be thought that too black a picture has been 
painted of the difficulties of achieving good frequency stability, 
it may be as well to add that although the effects described are 
always present their magnitudes are often unimportant at the 
lower frequencies. On the medium and long wavebands it 
is quite rare for frequency stability to be troublesome if the 
ventilation is adequate. Temperature compensation is adopted 
only in push-button sets in most cases. As the frequency 
increases so does it become more difficult to achieve adequate 
frequency stability, and above some 15 Mc/s all the effects 
become quite important. 
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Fig. 16.1 2 The delayed diode a.g.c. system is the most widely used. Three controlled stages are shown, but less bias is applied to the 

. last valve than to the two before It 



CHAPTER 16 

AUTOMATIC GAIN CONTROL SYSTEMS 

M ost modem receivers include some form of automatic 
gain control, or automatic volume control as it used to 
be, and often still is, called. Although defects are quite 
rare, when they do occur they are usually rather obscure. 
In some cases, a defect will result in a loss of sensitivity, while 
in others severe distortion may arise. All a.g.c. systems in 
common use act on the same basic principle that the increase 
in detector input brought about by an increase in signal strength 
results in the application of a greater negative bias to certain 
valves. This reduces their amplification, with the result that 
the detector input rises less than it would do if the control 
were absent. 

Although the ultimate aim of an a.g.c. system is the main- 
tenance of a constant detector input irrespective of the signal 
strength it is obvious that this can never be achieved when the 
a.g.c. bias voltage is derived from the detector input, for if 
the detector input were always the same, the a.g.c, bias and 
hence the pre-detector amplification, would be also. In 
practice, therefore, the detector input does rise with increasing 
signal strength, but in a well-designed system it may rise by 
only 6 db or so for an increase in aerial input of as much as 
70 db or more. 

The most widely used method of obtaining a.g.c, is the 
delayed diode system, the usual connections for which are 
shown in Fig. 16.1. The precise arrangements employed differ 
from set to set, but all using this method of obtaining a.g.c, 
are basically the same. The output valve shown is a duo- 
diode-triode, in some sets a simple duo-diode is used, in others 
a duo-diode-output pentode, while the diodes are sometimes 
incorporated in the last i.f. valve. This is not important, 
because it is only the diodes that really matter as far as a.g.c. 
is concerned. 

It will be seen that one diode is fed from the last i.f. trans- 
former secondary and that its load resistor is returned directly 
to the cathode. This is the detector, and the a.f. potentials 
are taken off to the a.f. amplifier, in this case the triode section 
of the valve, from the slider of the volume control Rg. The 
lower end of this resistor is taken to a point negative with 
respect to the cathode in order to obtain the correct negative 
grid bias. 
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A.G.C. is obtained from the other diode which is fed from 
the primary of the i.f. transformer through C5, which is usually 
of about 200 pF capacitance. Its load resistor comprises 
Rg and Rq in series and is returned to a point considerably 
negative with respect to the cathode, but which is also the 
correct point for returning the grid leads of the controlled 
valves. Considering Fig. 16.1 in the absence of a signal, it 
will be seen that the grid of each controlled valve is taken to 
the earth line through a series of resistors. 

Grid Potential 

As there is no current flowing through these resistors, the 
steady potential of each grid is the same as that of the earth 
line, and each valve has a negative grid bias with respect to its 
own cathode of a value depending upon the voltage drop across 
its own cathode-bias resistor. Furthermore, while the triode 
section of the last valve is biased by its biasing resistor R7, 
the a.g.c. diode has a negative bias which is the sum of the 
voltage drops along R7 and Rg due to the anode current of the 
triode. 

In some cases, Rg is omitted, and the a.g.c. diode bias is 
then equal to the drop across R7 alone. This a.g.c. diode 
bias is known as the a.g.c. delay voltage. 

Now when a signal is tuned in nothing happens to disturb 
this voltage and current distribution as long as the peak i.f. 
input to the a.g.c. diode is less than the delay voltage, and 
the receiver functions just as if it were not fitted with a.g.c. 
When the input exceeds the delay voltage, however, rectification 
occurs in the a.g.c. diode circuit and a currect flows through 
the diode load resistors (Rg, Rg) in such a direction that the 
a.g.c. diode anode acquires a potential negative with respect 
to the earth line. 

This potential is communicated to the grids of the two first 
valves through the resistors R4, R2 and R^ as increased grid 
bias, so lowering their amplification. Sometimes die grid 
return circuit of the last i.f. valve is also connected to this 
point, sometimes it is connected directly to the earth line and 
is not controlled. More often it is taken to a tapping on the 
a.g.c. diode load resistor as shown in Fig. 16.1 ; the a.g.c. 
bias applied to this valve is then less than the full voltage across 
Rg and Rg and is equal to the full voltage multiplied by 
R6/(R5 + Re). . 

This is done in order to prevent the last i.f. valve from being 
overloaded on a strong signal, for the maximum undistorted 
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output obtainable from a screen-grid or r.f. pentode valve is 
usually much less at a high grid bias than at a low. Where 
maximum immunity from such distortion is desired, the last 
valve is not controlled at all. 

Defects in A.G*C. Systems 

In some cases the a.g.c. diode is fed, not from the primary 
of the i.f. transformer as in Fig. i6.i, but from the secondary, 
and the diode feed capacitor C5 is then strapped between the 
two diode anodes. Tliis arrangement is not much used nowa- 
days, for the risk of distortion and sideband screech occurring 
when the set is mistuned from a station is greater. 

Now it is clear that with such a simple a.g.c. system there 
is really very little that can go wrong, and it is for this reason 
that defects are rare. Since the delay voltage depends on the 
anode current of one of the valves in most cases — in Fig. 16.1 
the triode section of the duo-diode-triode — a loss of emission 
in this valve will result in a lower delay voltage. A.G.C. will 
then cease to hold stations of different strengths at nearly the 
same volume and signals will be generally weaker. 

The effects are, however, by no means so noticeable as the 
distortion arising in the a.f. amplifier through the defective 
valve, and the fault is more likely to be found while tracing 
distortion than while testing the a.g.c. circuit. In any case, 
the delay voltage will naturally be one of the first things to be 
checked in common with the other voltages. 

The resistors associated with the a.g.c. circuit are usually of 
high value; Ri to Re are often 0 5-2 MQ each, so that a slight 
leak in one of the by-pass capacitors or defective insulation of 
the a.g.c. line or grid circuits may materially reduce the a.g.c. 
bias applied to the valves. Thus, if R4 is i M Q and C4 develops 
an internal leak of 5 MQ, the bias actually applied to the valves 
controlled from this line will be five-sixths of the full voltage 
across the load resistor. 

This would appreciably reduce the effectiveness of a.g.c., 
but would not in many cases be very serious. If the leak in 
C4 were of 0*5 MQ, however, only one-third of the total 
voltage would be available and the performance would be 
greatly upset. Similarly, an internal leak in and C2 would 
affect the results in like manner, as would also poor insulation 
in the grid circuits of any of the valves. . , , . , , 

Another danger point is C5. Very high insulation is 
here, for one side is in connection wdth positive h.t. A smau 
leak will slightly reduce the delay voltage actually applied to 
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the a.g.c. diode and will not in itself be serious* It will result, 
however, in a positive bias being applied to the a.g.c. line in 
the absence of a signal, and this may offset the initial negative 
bias of the controlled valves sufficiently to promote instability. 
A heavy leak in C5 results in the a.g.c. diode being continuously 
conductive, and the a.g.c. line takes up a slightly positive 
potential. 

It is wisest to test for leaky capacitors while they are in the 
set, as equipment for measuring resistances of over i MCi 
is not usually available. The feed capacitor C5 is readily 
tested if a milliammeter is connected in the anode circuit, or a 
voltmeter is joined across the bias resistor, of one of the con- 
trolled valves. With no signal, disconnect C5 from the anode 
of the preceding valve at the point X. If the anode current 
or grid bias of the controlled valve falls with C5 disconnected, 
the capacitor is definitely leaking and should be replaced. 

In the case of the capacitors in the a.g.c. line, the test is 
best carried out with a signal which is most conveniently 
obtained from a test oscillator. This can be set at any desired 
frequency, the set tuned to it, and the output set at a figure 
which gives a good deflection on a meter connected to any of 
the controlled valves. Then disconnect C4 at Y ; there should 
be no change in the meter reading. If the current falls, how- 
ever, thus indicating an increase of a.g.c. bias, then C4 is 
leaking. 

The other capacitors, C^, C2 and can be tested in a 
similar way, but here it is necessary for the indicating meter to 
be connected to the particular valve concerned, and the test 
signal must be injected at a point following this valve. If this 
is not done, the removal of the capacitor will affect the r,f. 
input to the detector and hence the a.g.c. voltage. 

Although at one time nearly universal, this form of delayed 
diode a.g.c, is gradually falling into disuse because it causes 
a degree of amplitude distortion which can be quite considerable 
under certain conditions of signal strength and modulation 
depth. This occurs because the input resistance of a diode 
with negative bias on its anode varies with the input signal. 
With no signal it is infinite, and with a very large signal it 
becomes, in the limit, one-half of the value of the load resistance. 
There is, moreover, an abrupt transition from an infinite to a 
finite resistance when the signal changes from a value just 
below to a value just above the negative anode bias. 

Now a modulated signal is one which is continually varying 
in amplitude and as it does so the input resistance of the a.g.c* 

170 



AUTOMATIC GAIN CONTROL SYSTEMS 


diode varies also, and jumps to infinity whenever the modulation 
makes the signal fall below the delay voltage. This input 
resistance damps the tuned circuit, and as it varies, the damping 
varies also. The gain of the i.f. valve consequently changes 
in sympathy. If the gain thus varies during the modulation 
cycle the modulation envelope is distorted, and the a.f. output 
from the detector is also distorted. 

The amount of distortion depends on the relative circuit 
values, and it can be minimized by using high values for R5, 
Re, R3 and R4 in Fig. 16. i, together with an i.f. transformer 
for the last stage which has coils of low^ dynamic resistance. 
These conditions were often met in the older sets, but not in 
more modem designs. The use of iron-core coils has resulted 
in higher values of d^mamic resistance, and at the same time, 
the resistances in the a.g.c. circuit have to be lower. This 
is because the maximum d.c. resistance in the grid circuit of 
most modem valves is limited to 3 M Q. If a resistor is common 
to more than one valve, then its effective value per valve will be 
its actual resistance multiplied by the number of valves. 

If this rule is adhered to, the resistances sometimes become 
surprisingly low and the distortion correspondingly high. 
Alternative circuits are coming into use, therefore, and one of 
the most satisfactory is shown in Fig. 16.2. In this Vi is the 
last i.f, amplifier and V2 is a diode detector. The detector 
circuit is conventional with a filter comprising Ci, and Ri, 
The d.c. load is R2 which is also the a.f. volume control, and 
the a.f. output is taken off through C3 and R3. The detector 
circuit as a whole is biased positively with respect to the earth 
line by R5 and Re, but maintained at earth potential to alternat- 
ing currents by C5, which should be of large capacitance. In 
general the diode circuit will be about 10 V positive. 

A.G.C. is taken off the diode load through R4, and C4 is the 
usual filter capacitor. Delay is provided by the positive bias 
on the detector circuit in conjunction with the diode V3. In 
the absence of a signal, the positive bias is applied to V3 through 
R2 and R4. This diode is conductive, therefore, and in effect 
short-circuits the a.g.c. and^ earth lines. As^ the signal gets 
stronger the detector output increases, and as it appears across 
Ra, it is effectively in series with the positive bias voltage as 
far as V3 is concerned. When it exceeds the positive bias the 
anode of V3 becomes negative with respect to its cathode and 
the valve becomes non-conductive and has no further action. 
The voltage across Rg, less the positive bias, is then applied 
to the a.g.c. line. 
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As in the absence of a signal the controlled valves have their 
grids returned to earth only through their filter resistors and 
the diode V3, and as this diode is of low resistance, the limitation 
on the maximum permissible resistance values is somewhat less 
stringent. It is usually satisfactory to take the limit as 
2 MQ per valve, for resistors between the grid of a controlled 
valve and the anode of V3. 

The circuit is not quite free from a similar form of amplitude 
distortion to that found with the older arrangement. When 
the signal is less than the delay voltage, the d.c. load resistance 
of the detector diode V2 is Rj + R2R4/(R2 + R4), whereas 
with a signal greater than the delay voltage it becomes Ri-+ Rg. 
The change of resistance reflects on to the input tuned circuit 
and so alters the i.f. stage gain. 

The distortion is usually much less than with the older 
circuit, however, and is minimized by making R2 as small and 
R4 as large as possible. In practice, the two diodes are usually 
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the two halves of a duo-diode, but the valve must be of the 
type, such as the 6H6, having separate cathodes. 


D.C. Amplified A.G.C. 

D.C. amplified a.g.c. is used in some receivers because it 
gives much greater control than the more simple delayed diode 
system. It has the drawback, however, of being much more 
particular about its precise operation conditions. The basic 
circuit is shown in Fig. 16.3 and it will be seen that the circuit 
of the detector diode Is normal, the load resistor Rj also actog 
as a manual volume control- The triode section of the va^e, 
however, has no fixed negative bias applied to it, but ite gnd is 
cormected through Rj, which is usv^ly about 2 Mfl, to the 
detector load resistor R2. When a signal is tuned in, a steady 
voltage nearly proportional to the i.f. input to the deleter 
appears across Rj and is consequently applied through R^ to 
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the triode grid as negative grid bias. The anode current of the 
triode valve consequently falls with an increasing signal input. 

In the absence of a signal, the circuit constants are chosen so 
that the cathode is positive with respect to the earth line and 
since the a.g.c. diode anode is retxxrned to the earth line it is 
negative with respect to the cathode by this amount — the delay 
voltage — and is non-conductive. The a.g.c. line is thus at 
the same potential as the earth line. 

When a signal is tuned in, the triode anode current falls as 
already explained, and the voltage drop across the cathode 
resistor falls also, so that the potential of the cathode comes 
nearer to that of the earth line. Nothing else happens until 
the signal is strong enough to bring the cathode potential below 
that of the earth line; that is, until the voltage drop across R3 
is less than the voltage between negative h.t. and the earth line. 

The a.g.c. diode anode then becomes positive with respect 
to the cathode and this diode conducts. The a.g.c. line then 
takes up very nearly the same potential as the cathode and with 
increasing signal strength follows the cathode potential, becom- 
ing more and more negative with respect to the earth line. 

The control obtained with a circuit of this nature can be 
very effective indeed. The detector, of course, must work at 
quite a small input of i or 2 V only, otherwise the triode section 
of the valve, which works as an a.f. amplifier in addition to 
being a d.c. amplifier for a.g.c. purposes, will be badly over- 
loaded. Apart from leakages in the decoupling capacitors 
which have the same effect as with Delayed Diode A.G.C., the 
chief troubles are likely to arise from a defective duo-diode- 
triode. 


The A.G.C. Delay Voltage 

It can be seen that quite small changes in values will affect 
the operation, for the a.g.c. delay is large and depends entirely 
on the anode current of the valve. A common value for Rs 
is 20 kQ and the anode current may be 4 mA; the cathode 
potential is then 80 V above negative h.t. The voltage between 
negative h.t. and the earth line may be 50 V, so that the delay 
is 30 V. Suppose now that the valve only passes 3-5 mA 
without a signal, the delay falls to 70 — 50 = 20 V; the 
perform^ce of the receiver would obviously be affected. 

A seriotis loss of emission would render the set practically 
useless. If the anode current, in this case, fell to 2 mA through 
such a cause, the cathode potential would be only 40 V above 
negative h.t. and would be 10 V negative with '"respect to the 
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earth line. All the controlled valves would then receive an 
initial bias of nearly lo V which ^vould increase still more on 
tuning in a signal. 

The set would naturally prove very insensitive and would 
probably fail to receive anything but a local station. When 
testing a set fitted with this form of a.g.c., therefore, it is 
particularly important to investigate the operating conditions of 
the duo-diode-triode which provides a.g.c. 

A few receivers employ i.f. amplified a.g.c. In this system, 
a conventional delayed diode a.g.c. circuit is employed but 
preceded by a stage of i.f, amplification which operates to feed 
the a.g.c. diode only and is not in the chain leading to the 
detector. The usual connections are illustrated in Fig. 11.6 
and the possible defects in practice are those of the delayed 
diode system with the addition of those likely to occur in any 
stage of amplification. 

In some receivers, metal rectifiers are used in place of valve 
diodes. The circuits are essentially the same, and fault finding 
consequently follows the same law^s. It should be remembered, 
however, that the internal resistance of a metal rectifier in the 
“ non-conductive direction is by no means infinite and in 
many cases this has the effect of reducing the initial bias of the 
controlled valves below the voltage set up across the bias 
resistor. 

In sets using such rectifiers one should be prepared to find 
that the apparent initial bias, as measured across the bias 
resistor, is higher than is usual for the type of valve used, for 
the designer will have raised the value of the initial bias resistor 
in order to compensate for the leakage current of the rectifier. 

It 

Q.A,GX. 

Quiet automatic gain control, or q.a.g.c., is an a.g.c. system 
which silences the receiver when the signal is below 'a pre-set 
level so that inter-station noise is eliminated while tuning. 
The systems are so varied that it is hardly possible to deal in 
any detail with the defects which may be encountered. 
Basically, the muting circuits are simple, but many are highly 
complicated in their detail and as there is no approach to 
standardization it is usually necessary to analyse each case on 
its merits. In practically all cases muting is obtained by 
arranging for a valve to apply a large bias to the last i.f. valve, 
the detector, or the first a.f. valve in the absence of a carrier, so 
that the stage is rendered inoperative. 

The i.f, valve is not often silenced, for although it is from 
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many points of view the ideal arrangement, it demands the 
duplication of this stage and so it is more expensive. 

One of the simplest systems is shown in Fig. 16.4 and if the 
operation of this is fully understood little difficulty will be 
found with other arrangements of similar type but of different 
detail. The last i.f. valve is of the r.f. pentode-duo-diode 
type and provides delayed diode a.g.c. in the usual way, the 
a.g.c. bias available after the usual filter (R2 Ci) being applied 
to the grid of the muting valve V as well as to the early stages 
of the receiver. 

The detector circuit is normal save for the connection to the 
anode of V and for the return of the cathode circuit to the 
potentiometer across the h.t. supply instead of to the earth 
line. It is clear from the drawing that the grid bias of V is the 
potential between the slider of R4 and the earth line plus any 
a.g.c. bias, while the h.t. supply for this valve is the voltage 
between the slider of R4 and the diode cathode. The total 
voltage across R4 is usually about 40-80 V. 

Negative Bias on the Diode Anode 

Now it can be seen that if the voltages on the muting valve 
-le such that it passes no anode current, it has no effect on the 
operation of the receiver. If the voltages are such that the 
valve does pass current, however, there will be a voltage drop 
across Ri, which is the diode load resistor. The anode of V 
will consequently be negative with respect to the diode cathode 
and as the diode anode is in connection with it, it will be 
negative with respect to its own cathode. The diode anode is 
thus biased negatively and rectification cannot occur as long as 
the signal is smaller than the bias. 

In normal operation, the slider on R4 is adjusted in the 
absence of any signal to such a position that the detector is 
rendered just inoperative. The valve V is then passing just 
enough current to bias the diode by 1-3 V. When a signal 
is tuned in, V receives an increase of grid bias from the a.g.c. 
system, and if it is large enough its anode current will cease 
and the bias on the detector will disappear so that correct 
operation is secured. 

If the a.g.c. bias is not great enough completely to cut off 
the anode current of V, the detector bias will be only partially 
removed, with the result that the detector will operate only 
inefficiently and with severe distortion. 

It can be seen that for any setting of R4, there is a range of 
signal strengths over which the muting is only partially realized 
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Fig. 16.^ : A simple method of obtaining q.a.g.c. with a diode detector 


and over which distortion occurs. This is inevitable and the 
aim in design is to make the range as small as possible and to 
make it occur only on weak signals which are not usually of 
much importance. Q.A.G.C. is consequently a fitting which 
is of doubtful value in all but very sensitive receivers. 

The faults which can arise in an arrangement such as that of 
Fig. 16.4 are very few and are really limited to the voltage 
supplies, which can be readily checked with a voltmeter, the 
valve itself, and the a.g.c. feed. In certain modifications, 
decoupling is included in the anode circuit of the muting valve 
and there is, of course, then the additional possibility of a 
defect in these components. 

There are many other q.a.g.c. systems and they are too 
munerous to be treated in detail here. They all operate upon 
the sarfie basic principles, however, and it is usually quite easy 
from an inspection of the circuit diagram to see how they work 
and to devise suitable testing methods for any particul^ case. 
Such circuits are not common in modem broadcasi equipmeritj, 
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CHAPTER 17 

SHORT-WAVE RECEIVERS 

D issatisfaction is often expressed with short-wave 
apparatus of the best design and in good condition, 
because the user fails to realize the different con- 
ditions existing on the short and the ordinary broadcasting 
bands. Filled by the expectation of enjoying programmes 
from the Antipodes, to say nothing of America, the new- 
comer to short-wave reception is often severely disappointed 
and believes the equipment to be faulty, but as often as not 
there is nothing wrong with the receiver. 

It must be realized, first of all, that the chief programmes 
broadcast by other countries occur, like ours, in the evening. 
Eight o’clock in America, however, is roughly i a.m. in this 
country, and the same hour in Australia corresponds to eleven 
o’clock in the morning. It usually happens, therefore, that 
during the normal listening hours, the programmes from distant 
stations are not at their best, and many stations are not trans- 
mitting at all. Before trying to receive a particular station, 
therefore, it is wise to consult a list of stations to make sure 
that it is working. 

In the second place, one must not forget that the effectiveness 
of different wavelengths varies with the time of day and year. 
In general, reception above 30 metres is better after dark than 
during the daylight hours, but the converse is generally true 
of wavelengths below 20 metres. The band between 20 metres 
and 30 metres is often at its best around sunset. 

These figures for wavelengths are naturally very approximate 
and considerable variations are often experienced. Freak con- 
ditions occur when totally different results are obtained, but on 
the average they give a good guide to what one may expect. 

Variable Reception 

This question of wavelength is well worth bearing in minH 
when it is desired to hear a particular programme from, say, 
America. It often happens that the same programme is 
broadcast from several different stations and the one which is 
received best depends largely upon the time of day. t)uring 
the daytime, the American stations on about 16 metres are 
generally the best heard. Towards eyening stations aroqnd 
19 metres begin to come in, and are often very good indeed for 
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about an hour before and after sunset. Sometimes good recep- 
tion will continue throughout the evening, but at others it is 
necessary to go to higher wavelengths for good results once 
darkness has fallen. 

In addition to this question of wavelength it is necessary to 
realize that conditions on short waves change very greatly and 
very rapidly. At one time, it may be possible to receive Ameri- 
can stations with a degree of quality and volume suggestive 
of the best Continental transmissions on the medium w’aveband ; 
a few hours later conditions may have changed so much that 
no Transatlantic stations are audible, or fading may set in which 
is so severe that the programme becomes unintelligible. 

This may seem rather a black picture of short-wave reception, 
but the author wishes to emphasize the disparity between the 
conditions of ordinary broadcast reception and those existing 
on short waves. There is no doubt whatever that at times 
reception of entertainment value can be obtained from the 
most distant stations, and most days intelligible reception is 
possible from at least a few American stations provided that 
the time and wavelength are properly chosen. Reception is, 
however, unreliable to a degree almost unknown on the longer 
wavelen^hs. When testing short-wave* equipment, therefore, 
it is not always easy without an extended test to determine 
whether or not the apparatus is functioning correctly, and it 
is always advisable when possible to have another receiver 
available so that a direct comparison can be made. 

Like all other receivers, short-wave sets can be divided into 
the two categories of straight sets and superheterodynes. The 
latter are now* by far the more widely used, particularly with 
medium and long wave ranges incorporated, when they are 
really all -wave sets. The straight set is by no means dead, 
however, and many are still in use. It is almost impossible to 
obtain any useful degree of selectivity at signal frequency with- 
out making full use of reaction and, in general, this full use of 
reaction cannot be realized with a tuned r.f, amplifier. The 
majority of s.w. straight sets, therefore, are of the det.-a.f, 
type, but some have one r.f. stage. They rely cWefly on 
reaction both for their sensitivity and for their selectivity. It 
is, therefore, very important to obtain reaction which is smooth 
and free from overlap- This is not always easy, but it is essential 
if the receiver is to be of any real use. 

In order to obtain satisfactory results, the tuning capacitor 
must be of high quality and fitted with a good slow-motion 
dial free from any trace of backlash. For a purely short-wave 
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receiver, the capacitance should not exceed i6o pF and for an 
all-wave set, in which some compromise between conflicting 
requirements is inevitable, 360 pF. The reaction capacitor 
should be equally good mechanically and of the air-dielectric 
type with a capacitance of some 200 pF; it is best fitted with a 
reduction ratio drive. 

Now when the components are satisfactory from a mechanical 
point of view, the smoothness of reaction depends entirely upon 
the electrical constants, and the valve, the circuit, and the 
operating voltages are all important. A typical detector circuit 
is shown in Fig. 17.1 ; it may be followed by any conventional 
a.f. amplifier, and the choice of a suitable valve is quite 
important. 

The type of valve has very little effect upon the efficiency 
of detection, for this is almost entirely a matter of the grid 
circuit. As far as detection is concerned, the grid and cathode 
form the only important electrodes and the action is that of the 
conventional diode detector. As a result of detection, a.f. 
potentials appear on the grid of the valve, and for these the 
valve acts as a conventional a.f. amplifier. Since there is little 
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difference betw^een the grid circuit characteristics, as regards 
their effect on the efficiency of detection, of valves of widely 
different triode characteristics, it would seem that the best 
valve to choose would be the one which will give the greatest 
gain as an amplifier. In s.w. receivers only small signal voltages 
are involved, so that this would be true if reaction had not to be 
considered. 

The r.f. potentials applied to the grid affect the anode current, 
and by means of the reaction coil a suitable amount of energy 
is fed back to the grid circuit. The effect is very nearly the 
same as if the r.f. resistance of the tuned circuit were reduced. 
As reaction is increased the effective resistance falls and signal 
strength increases, but stability is maintained as long as the 
total resistance is positive. As soon as the resistance becomes 
zero or negative, oscillation commences. 

When receiving telephony, the resistance should always be 
positive, but for weak signals as near to zero as possible. Very 
high gain is obtainable by means of a correcdy adjusted reaction 
circuit, and the importance of correct adjustment will be 
realized when it is said that although it is possible to obtain 
amplification of several thousand times in this way, a badly 
adjusted circuit may give a gain of no more than ten times. 

Influence of Reaction 

The influence of reaction on the choice of the valve now 
becomes apparent. If the valve is chosen with a high ampli- 
fication factor to give maximum a.f. amplification, the best 
valve is unlikely to give more than three times the gain of one 
of lower mutual conductance. It may happen, however, that 
the valve which is apparentl3^ the poorer enables smoother 
reaction to be obtained, and this permits one to approach the 
oscillating point more closely and reaction is more effective. 
The value of reaction might easily be increased ten times, and 
this would more than offset the lower a.f. amplification, and 
the apparently poorer valve would give the better results. 

In general, the detector valve should have an a.c. resistance 
of 10,000-15,000 fi and a moderate mutual conductance — 
i-i -5 mA/V is ample. The anode voltage should not be high, 
and in most cases 60 V is sufficient; in some a low^er voltage 
is better but it should always be adjusted by trial and error. 

, The grid leak and capacitor are also important. The 
capacitor does not normally require critical adjustment and a 
value of so-ioo pF is satisfactory, but the grid leak should be 
of fairly high value. It is not, however, the value of the grid 
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leak which is so important as the potential at which the grid 
is maintained and this depends not only on the grid leak but 
on the point to which it is returned. In general, and within 
limits, the higher the resistance of the grid leak and the less 
positive the point to which it is returned, the smoother the 
operation of reaction. 

The best results are usually secured with a grid leak of 
1-2 MQ returned to the slider of a potentiometer connected 
across the filament (R2, Fig. 17. i). When the slider is at the 
positive end reaction will usually be ploppy,’’ but it will be 
quite smooth at the negative end. For the greatest sensitivity, 
the slider should be set as near to the positive end as possible 
while keeping reaction quite smooth. This usually means that 
the slider will be set at about one-quarter to one-third of its 
travel from the negative end. Where no such potentiometer is 
fitted, the grid leak must be taken to the positive side of the 
valve filament, and to obtain smooth reaction a higher value 
of grid leak will often be needed, usually 2-5 M Q. 

When using indirectly-heated valves no positive bias is 
needed, for grid current flows until the grid is more negative 
than about i V. Owing to this, it is often necessary with 
such valves to apply a small negative grid bias of perhaps 
0'5 V. This is most easily done by adopting the connections 
of Fig. 17.2, in which R2 is the bias resistance. It should 
be adjustable and can have a maximum value of some 500 fl. 
Adjustment is carried out in the same way as with the poten- 
tiometer of a battery set, bearing in mind that an increase in the 
value of the resistance corresponds to moving the slider of the 
latter towards the negative end. 

It often happens that 
threshold howl prevents 
proper reaction effects 
from being secured, 
for when reaction is 
adjusted to the oscilla- 
tion point a growl or 
howd appears. There 
are several causes of 
this trouble, but one of 
the commonest and the 
most often overlooked 
is the nature of the 
anode circuit load 
i m p e d a me e at low 



attainment of smooth reaction 
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frequencies. In order to avoid threshold howl this must not 
be highly inductive. When transformer coupling is used, 
the primary is an inductance and threshold howl is 
comnion. It sometimes happens, of course, that no trouble is 
experienced, probably owing to the primary being damped by 
the losses in the transformer, but with good quality modern 
transformers it is veiy^ likely to occur. The remedy is to shunt 
the transformer primary with a resistance of some 10,000- 
20,000 n (shown dotted at R3 in Fig. 17. i), and thus damp 
it artificially. This resistance naturally lowers the a.f. ampli- 
fication, but just as in the case of the valve, the improvement 
in reaction more than outweighs the loss in most cases. 


R.F, Currents in the A.F. Circuits 

The second common cause of thi*eshold howl is merely the 
presence of r.f. currents in the a.f. circuits and this is a pre- 
valent cause also of hand-capacitance effects, particularly when 
telephones are used. The remedy is to use adequate filtering 
after the detector. The capacitor C2 should always be included 
and can usually be about o-ooi fxF, When the resistance R3 is 
used, a larger capacitance can be employed without affecting 
the quality of reproduction and C2 can then be about 0*002 
and sometimes as high as 0*005 

In many cases, a resistor in place of the choke Ch will give 
better filtering. A suitable value would be 20,000 O, but 
as the anode current flow^s through it, a higher h.t. voltage will 
be needed, and it may have an effect upon the smoothness of 
reaction. 

When the circuits have been correctly adjusted for reaction, 
it may be found that although results are satisfactory over a 
portion of the tuning range there are dead-spots at w^hich the 
reaction has to be greatly advanced before oscillation can be 
secured or at which no oscillation at all can be obtained. There 
are tw^o causes of this — the aerial and the r.f. choke Ch. If 
the latter is responsible, the trouble will persist with the aerial 
removed, and the remedy is either to use a better choke or to 
replace it by a resistor, with which the effect does not occur. 

- With a circuit such as that of Fig. 17. i, where the aerial is 
coupled to the circuit to which reaction is applied, dead-spots 
are inevitable when the aerial coupling is tight. They occur 
when the tuned circuit is resonant at harmonics of the natural 
frequency of the aerial, and the remedy is to loosen the aerial 
coupling. It will then be too loose for the best results at other 
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frequencies, so that with a receiver of this nature the aerial 
coupling should be adjustable by means of a panel control. 
This naturally complicates the tuning, and it is consequently 
common practice to include an r i, stage largely for the purpose 
of isolating the tuned circuit from the aerial. Dead-spots 
cannot then occur and one rather troublesome control is 
avoided ; furthermore, the calibration of the set is unaffected 
by the aerial, and radiation from the aerial is reduced if the set 
is operated in an oscillating condition, while the stage may give 
some small degree of amplification. 

The Aerial Circuit 

The receiver then takes the form of Fig. 17.3 and is a very 
considerable improvement over the simpler set. It might be 
thought that it would be advantageous to tune the aerial circuit, 
but this is not always the case. In the first place, ganging 
would be difficult unless the aerial coupling were loose, for the 
same effect that produces dead-spots with the simple detector 
circuit would cause mis-ganging at certain wavelengths. 
Secondly, although such troubles could be avoided by using a 
separate tuning control, this would render operation more 
difficult. Thirdly, serious difficulty from instability might be 
found if the r.f. stage gave any useful degree of amplification; 
and fourthly, reaction would probably be less effective. This 
last is the most serious drawback and is a defect almost inherent 
in any receiver embodying both r.f. amplification and reaction. 

As reaction is increased in such a set, the r.f. stage comes 
nearer to a state of instability, and the r.f. valve may start 
oscillating before the detector. The amplification thus becomes 
critically dependent upon the operating conditions of both r.f. 
and detector valves and upon the precise tuning of all circuits. 
Tuning then becomes very difficult if the highest sensitivity 
is required. 

This does not, of course, mean that a tuned aerial circuit is 
impossible, but merely that it is not usually worth while, and 
the arrangement of Fig. 17.3 is consequently generally adopted. 
There is only one difficulty which is likely to occur with this 
arrangement and this only when the set is used near a medium- 
wave broadcasting station. Cross-modulation may then occur 
and the programme of the local station be superimposed on 
every station received, although in the absence of a signal no 
trace of the local station will be evident* This trouble is usually 
a sign that the aerial choke Ch 1 is of too high an inductance and 
is resonating the aerial circuit in the broadcast band. The 
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Fig. 17.3: The use of an r.f. stage is advantageous in avoiding dead-spots 


use of a choke, of lower inductance wdll usually effect a cure 
without affecting the performance on short waves. 

The second class of short-wave or all-wave receivers — the 
superheterodyne — is really no different from its medium- and 
long-wave counterpart. It can develop the same troubles and 
the same remedies apply. It is, therefore, hardly necessary to 
treat such sets here, for the information given in other chapters 
dealing with testing applies equally to this case. The design 
of short-wave superheterodynes is, of course, quite another 
matter, but that is a subject which cannot be treated here. 

There are, however, certain features of some short-wave 
superheterodynes which deserve mention, for although they are 
not inherently peculiar to short-wave sets, in practice they are 
rarely found in any other set. Short-wave sets of the so-called 
communication type, for instance, often include a beat-frequency 
oscillator and sometimes a crystal filter in the i.f. amplifier. 
Both are used primarily for receiving c.w. Morse signals* 

Beat-Frequency Oscillator 

The beat-frequency oscillator consists simply of an oscillator 
tunable by a panel control over a range of some ± 3 kc/s about 
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the mid-band frequency of the i.f. amplifier. It is coupled 
in some way to the i.f. amplifier, but the coupling is not usually 
adjustable. 

In addition to the panel control, a trimmer is generally 
provided for adjusting the frequency. This is adjusted while 
aligning the i.f. amplifier. When the other adjustments have 
been made and with the test oscillator giving a fairly small 
signal, switch on the b.f.o., set its panel control to the mid- 
point of its range, and adjust the trimmer to zero beat. Then 
swing the panel control on either side of its mid-point and check 
to ensure that the beat notes at each limit of travel are about 
the same. 

If they are not the same, set the control a little off zero beat 
on the side giving the greater range, and readjust the trimmer 
for zero beat. Having found in this w^ay the electrical mid- 
point, the setting should be marked on the panel, for it is the 
correct setting for the b.f.o. control "while tuning the set. 

Defects in the oscillator itself are likely to be no different 
from those in any other oscillator. Screening is important, 
however, for if it is inadequate harmonics may reach the input 
circuits and give rise to spurious signals. On short waves, 
however, the order of harmonic involved is so high that trouble 
is unusual. 

The output of the b.f.o. is important, for it is necessary that 
the voltage applied by it to the detector be larger than the 
biggest si^al voltage. If it is less than the signal, the a.f. 
output will depend on the b.f.o. voltage and not on the 
signal. 

Now this requirement introduces complications when the 
detector is designed for large signals. For instance, if the 
normal detector input is lo V or more — the a.g.c. delay being 
lo V — the b.f.o. injection must be at least 15-20 V. Even in 
the absence of a signal, this will produce 5-10 V a.g.c. bias, 
with the result that the set will be very insensitive. In order 
to overcome this, a.g.c. is switched off in some sets when the 
b.f.o. is brought into use. Unless the oscillator stability in the 
frequency-changer is very good, this is not as great a drawback 
as it sounds, for in c.w. reception even a trace of frequency 
instability with a.g.c. is likely to be very noticeable. 

When a.g.c. is desired, however, and it is not possible to 
resort to the complication of using a separate a.g.c. amplifier 
fed from the last i.f. valve grid, so that the b.f.o. can be injected 
at the detector without affecting a.g.c., a compromise is adopted. 
The a.g.c. system is given little or no delay, the detector is 
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designed for a small input — i or 2 V only — and the b.f.o. 
injection is made quite small. It is made of the same order or 
less than, the delay voltage. The b.f.o. then reduces the 
sensitivity by only a small amount, or not at all, and the per- 
formance on weak signals, which produce a voltage at the 
detector less than that of the b.f.o., is good. Strong signals, 
however, produce little or no greater output, and sometimes 
give somewhat .less. In fact, the low b.f.o. injection produces 
something of a limiting action. 

The value of the injection is easily checked and in the same 
way as the amplitude of the oscillator injection in a frequency- 
changer. In fact, the b.f.o. and the detector together actually 
form a frequency-changer. With no signal, connect a meter in 
series with the diode load resistance and note the change of 
current when the b.f.o. is switched on. The injection is 
about 1*2 times the product of the current change and the load 
resistance. 

With small injection no serious difficulties arise, but in cases 
where it is large, it is often difficult to get sufficient coupling 
without making it so tight that the i.f. and b.f.o. circuits pull 
each other. Some form of electron-coupled b.f.o. is some- 
times adopted to avoid this, but an alternative is to couple the 
b.f.o. very loosely indeed to the grid of the last i.f. valve. 

One very convenient arrangement for small injection is to 
use a duo-diode-triode for detector and b.f.o. The diodes act 
as the detector and the triode as the b.f.o., w^hile the valve 
capacitances provide the coupling. 

Crystal Filters 

Another, but somewffiat less common, feature of a communi- 
cation receiver is a cr^^stal filter. The precise circuit details 
differ from set to set, but the arrangement is generally on the 
lines shown in Fig. 17.4. The differences lie cffiefly in the form 
"'^of the cystal output circuit. In Fig. 17.4 it is apparently the 
resistance R, but if this is of high order, it is actually the input 
capacitance of Vg, and R is merely a grid leak. Sometroes a 
tuned circuit is used and then R is unnecessary. R is also 
sometimes replaced by the primary of a transformer of which 
the secondary feeds V2. . ^ 

Whatever the precise details, the method of adjustment is 
much the same in all cases. Strictly, the adjustment of the 
crystal filter is part of the normal operation of the set and not 
peculiar to maintenance, and the only control Co is, in fact, a 
panel control. The presence of the crystal does, however, 
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complicate the i.f. alignment and it is necessary to deal with 
this in some detail. 

Before doing so, it may be as well to describe how the crystal 
is used in operation, for it is not such a common circuit that it 
wdll be familiar to all. First, a word of warning. If the crystal 
filter appears to do little or nothing on its first trial, do not 
immediately conclude that it is defective. Everything depends 
on the adjustment of Co, and some little skill is needed to 
adjust this control properly. 

The tuned circuit LCi, the cr^’^stal, and C2 are in the form 
of a bridge in which C2 is the variable element for balancing. 
It is normally adjusted so that it balances the shunt capacitance 
of the crystal holder. Apart from the piezo-electric properties 
of the ciy^stal itself, the bridge is balanced and there is no output 
at any frequency. The crystal, however, behaves as a series 
resonant circuit of very high Q. At resonance it behaves as a 
resistance of moderate value, the bridge is unbalanced, and at 
this frequency the signal is passed to the output. For quite a 
small frequency difference from resonance the crystal becomes 
substantially a high reactance, the bridge is nearly balanced, 
and the output very small. The effective bandwidth is very 
small and depends upon the crystal itself as well as upon 
the output circuit. It is usually of the order of 50 c/s 
to SCO c/s. 

It will be clear, therefore, that the circuit is not very suited 
to telephony, and it is intended primarily for c.w. Morse 
reception. It can be used for telephony, however, particularly 
if the balance of the bridge is upset slightly in the manner to 
be described later. 

If the capacitor C2 is not set to the right value for balancing 
the bridge, the cr^’stal will have very little effect. The best 
thing to do then is to set C2 for minimum background noise, 
since this usually occurs with minimum bandwidth and this 
in turn occurs when the bridge is balanced. 

Even if the bridge is still not quite balanced, it should now 
be possible to determine the setting of the tuning control 
corresponding to the crystal frequency, for when tuning 
through a signal a small “ bump ’’ should be heard as the inter- 
mediate frequency passes over the crystal frequency. By 
taking this as a guide, it is easily possible by small adjustments 
to C2 so to balance the circuit that the signal’ disappears except 
at the one critical setting of the tuning control. 

Signals should now tune-in very sharply, and telephony will 
be very deep toned ; if the filter is of a very selective type, 
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Speech may well be unintelligible. There will also be a 
considerable apparent loss of sensitivity. It is a real loss on 
telephony, because of the severe sideband cutting, but it is 
only an apparent loss on c.w. and occurs through the drop of 
background noise. 

One peculiarity of the high selectivity^ should be noted. It 
is imperative to tune-in a signal with the b.f.o. at the same 
frequency as the crystal resonance. The signal should be 
tuned to zero beat, and then the b.f.o. adjusted to give the 
required beat note. If one tries to tune with the b.f.o. already 
offset, tuning will be confusing. It may be impossible to 
tune to zero beat, there will be one setting only of the tuning 
control at which the signal is audible and this may not coincide 
with the correct setting for maximum signal with the b.f.o. 
properly adjusted. 

If there is any difficulty in setting the b.f.o. to the cry'stal 
frequency, tune-in some signal and adjust the b.f.o. control 
while rocking the tuning control slightly until the combination 
of settings giving the loudest beat note is found. The signal 
is then properly tuned to the crystal, and by turning the b.f.o, 
to zero beat it can also be set to this frequency. It is a good 
plan to mark the setting. 

Unbalanced Filter 

The balancing control, or phasing control as it is sometimes 
called, is a panel control because it is often useful to work with 
the bridge slightly unbalanced. The resonance cun^e is then 
asymmetrical, but has a very deep crevasse on one side. By’' 
tuning so that this crevasse falls on an interfering signal, it may 
often be eliminated. If interference is found, therefore, it is as 
well to try unbalancing the bridge slightly, and it will usually 
be possible to find a critical setting of Cg at which the inter- 
ference disappears. This is especially useful in telephony 
reception, for even a bad heterodyne whistle can be eliminated. 
On account of the unbalanced condition of the crystal, the 
frequency response is usually good enough for intelligible 
telephony. There is often some amplitude distortion, however, 
because the asymmetric resonance curve makes reception almost 
single-sideband. 

Turning now to i.f. alignment, the important thing is to 
make sure that the i.f. circuits are so adjusted that the mid- 
band frequency is the same as the crystal resonance frequency. 
In all other respects it is entirely normal. 
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The nominal crystal frequency is usually known, and its 
actual frequency is unlikely to differ from it by more than 2 
kc/s. It will, therefore, be within the pass-band of an i.f. 
amplifier adjusted to the nominal frequency. If the accuracy of 
calibration of the test oscillator can be relied upon to within 
2 kc/s at the intermediate frequency, the best course is to align 
the i.f. amplifier roughly to it. Then bring the crystal into 
circuit, adjust the balancing capacitor, and tune the test oscillator 
to the crystal. It wdll usually be necessary to use the test 
oscillator without modulation and to have the b.f.o. on when 
doing this. Nearly all test oscillators, and many expensive 
signal generators, have too much incidental frequency modula- 
tion for them to be of any use in the modulated condition with 
sharp crystal filters. 

Having got the oscillator set to the crystal frequency, normal 
i.f. alignment procedure applies. Circuits associated with the 
crystal filter are usually adjusted simply for maximum output 
with the crystal in circuit and in the balanced condition. 

There are other types of crystal filter to that shown in Fig. 17.4, 
but they are not often met. They are chiefly more complex 
structures designed to give a band-pass effect. Some of them 
are quite difficult to adjust and need special equipment. In 
view of their rarity, they need not be discussed here. 
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SHORT-WAVE CONVERTERS 

A lthough not commonly used now, short-wave con- 
verters were quite popular a few years^ago and they are 
still met at times. A properly designed converter used 
with a good receiver is capable of giving a very fine performance 
indeed, but poor apparatus is naturally unsatisfactory. 
Unfortunately, a good converter is not cheap and many employ 
types which suffer from inherent defects which it is rarely 
possible to cure without radical alteration. When dealing with 
such apparatus, therefore, one must be careful to distinguish 
between those faults which are inherent to the design and those 
which are the result of a defective component. The latter are, 
of course, no different from those which may occur in other 
equipment and can be found by the application of the usual 
testing methods. 

One of the commonest arrangements used in the older con- 
verters is a single valve, often a triode but sometimes a tetrode 
or pentode, connected to function as an oscillator. The only 
tuning control is the variable capacitor controlling the oscillator 
frequency, so that the system has the advantage that no ganging 
is required. 

From the performance point of view, however, the arrange- 
ment is not good, for there is no protection whatever against 
second-channel interference nor from any of the other forms 
of interference peculiar to the superheterodyne. Every station 
can be received at two different dial settings, in consequence. 
The efficiency is also generally of a low order and the signal-to- 
noise ratio not very high. 

The greatest fault of all, however, and it is the greatest 
because it annoys not the owner but his neighbour, is the very 
serious degree of radiation from the aerial which occurs with 
converters of this type. The amount of interference which can 
occur on the medium waveband from an oscillating detector set 
is well known, but it is not generally realized that the autod3me 
converter is in no way better. Actually, it is often much 
w'orse, and serious interference with other short-wave receivers 
within a radius of ten miles or so may occur. 

More modem types of converter often use a heptode, octode, 
or triode-hexode valve for frequency-changing. The triode 
section functions as the oscillator, but is separated from the 
aerial circuit by the internal screening of the valve. Provided 
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that the construction of the apparatus is such that there is 
negligible stray coupling bettveen the signal and oscillator 
circuits, therefore, radiation should be negligible. 

Converters of this type thus offer a big improvement over 
the older ones, but the gain in the matter of performance is 
not so evident. The efficiency is usually higher, it is true, but 
there is still no protection against second-channel interference, 
for in many cases there is no signal-frequency tuning. Oscillator 
harmonics are also troublesome, and it is no uncommon thing 
for one station to be receivable at six different points in the 


tuning range, two points for the 
oscillator fundamental frequency 
and two each for the second and 
third harmonics. 



An experimental uitra-short*wavo 
converter 


If short-wave reception is to be anything more than a play- 
thing, it is essential for signal-frequency tuned circuits to be 
included, for only in this way can the interference troubles be 
avoided. • The type of converter employing the triode-hexode, 
heptode, or octode and one signal-frequency tuned circuit is 
capable of a much better performance. The efficiency and the 
signal-noise ratio are both considerably increased ; there is 
some discrimination against second-channel interference, but 
not a great deal. The selectivity of the signal circuit is great 
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enough to remove most other sources of interference, however, 
so that in practice there is a big improvement. 

Unfortunately, the addition of such a circuit considerably 
increases the cost of the converter, for not only have additional 
coils and a gang capacitor to be provided, but the complications 
of ganging ensue. Nevertheless, for serious short-wave listen- 
ing, signal-frequency tuning is essential and for the best results 
two tuned circuits are needed in addition to the oscillator. An 
r.f. valve is then included and there is a further very considerable 
gain in amplification and in signal-noise ratio. With two good 
tuned circuits, second-channel interference can be kept at a 
very low level provided that the intermediate frequency is not 
lower than 400 kc s. 

Parasitic Oscillation 

The commonest troubles encountered in converters of this 
type are parasitic oscillation and pulling. Parasitic oscillation 
often occurs in the oscillator circuit and then the remedies 
described on pages 82-84 will usually effect a cure. ' It can 
occur in the hexode or heptode section of the valve, however, 
and the remedy is then to insert a resistance of about 50-100 
O in the control grid lead. The remarks on pages 
about the amplitude of the injected oscillator voltage should be 
borne in mind, however, for this is just as important in a 
converter as in a complete short-wave receiver. 

Pulling is usually most evident when the signal and oscillator 
circuits are separately tuned and, as its name implies, the 
setting of the oscillator control becomes dependent on 
the setting of the other. With such interaction between the 
controls, tuning is difficult. It is not always possible completely 
to eliminate it ; in fact, it is theoretically possible to avoid it 
only when the coupling to the oscillator is purely electronic and 
this is never completely achieved in practice. 

In the author^s experience there should be no noticeable 
pulling with the triode-hexode frequency-changer on wave- 
lengths above some 10 metres and only slight traces down to 
5 metres. 'With heptodes and octodes rather more pulling is 
likely to be experienced below 20 metres, and it is often serious 
on tixe ultra-short waveband. 

Any pulling more serious than that indicated must be taken 
to mean that unwanted couplings exist betc^^een the signal and 
oscillator circuits external to the valve. Every endeavour 
should be taken to eliminate them, therefore, by careful attention 
to detail in screening, wiring and decoupling. 

When all tuning controls are ganged the effects of pulling are 
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not so evident, but they make the operations of ganging difficult 
to perform. Sometimes, however, pulling makes tuning 
troublesome by causing a curious effect. As the control is 
rotated across a station the strength of the signal increases in 
the usual way, but instead of reaching a maximum and gradually 
decreasing aftervi’’ards, a point is found beyond which the 
slightest further movement causes the strength to drop 
enormously. If then the control is turned back, the signal 
does not attain the same volume at the previous maximum but 
at a setting appreciably different. 

The interaction between the tuned circuits is responsible 
because under certain conditions a very small change in the 
tuning of a signal-frequency circuit suddenly causes a much 
larger change in the tuning of the oscillator circuit. The effect 
is particularly serious vrhere a.g.c. is used, because the a.g.c. 
voltage usually has a slight effect on the oscillator frequency. 
This should be too small to be noticeable, even at the high 
frequencies used in short-wave reception, but it will not be in 
the circumstances indicated. 

Both pulling and oscillator stability become very important 
on short weaves and if there is any serious degree of interaction 
between the tuned circuits or if the oscillator frequency w^anders 
w’ith changes in the voltages applied to the valves, a.g.c. is 
worse than useless. In the case of the oscillator some drift in 
frequency is to be expected for half-an-hour or so after the set 
is switched on ; in fact, until the valves have attained their 
normal operating temperature. Other factors affecting 
frequency stability are dealt with on pages 158-165. 

Microphonic Howling 

The most commonly encountered difficulty in short-wave 
reception, and particularly in ultra-short-wave reception, is 
howling due to microphony. This is dealt with on page 
1 31 for the case of receivers covering only the medium and 
long wavebands, but it is much more common and more severe 
in sets or converters operating on short waves. It is often 
more troublesome in converters than in complete sets in which 
the relative positions of the loudspeaker and the s.w. equip- 
ment are fixed by the design. Although valves, coils, and even 
wiring can be responsible, the trouble is usually due to vibration 
of the plates of the variable capacitor. Experience shows that 
it is imperative to use a ff exible moxinting for the capacitor ; 
the degree of freedom necessary in any case, however, depends 
largely upon the rigidity of the vanes. 
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It is not always essential that the capacitor be mounted 
flexibly on the chassis, for when it is not the chassis itself can 
be mounted on blocks of sponge rubber. Owing to the greater 
weight of the chassis, however, it is difficult to obtain sufficient 
flexibility in this way to meet the requirements of short-wave 
reception. Probably the best course is to mount the capacitor 
flexibly on the chassis and then to stand the chassis on sponge 
rubber, thus combining the advantages of both methods. 
It should be noted that individual isolation of the capacitor is 
not always needed. Sometimes the capacitor with tuning coils, 
waveband switching, and the early valves, are mounted on a 
sub-chassis which is joined to the main chassis by an absorbent 
mounting. As this sub-chassis is quite light, this scheme is 
usually successful. 


Ultra-Short Waves 


On ultra-short waves, below' about lo metres and extending 
into the television band, microphony becomes very serious, and 
extreme precautions are necessary for its avoidance. This is 
because at the higher frequencies involved a given movement 
of the capacitor vanes causes a much larger change of frequency. 

The way in which microphony increases wdth frequency is 
not difficult to understand. Suppose that the i.f. amplifier has 
a resonance cur\^e like that of Fig. i8.i; this is an idealized 
cur^’-e wdth a flat top lo kc/s in breadth. Now if the inter- 
mediate frequency is 465 kc s and the set is tuned to receive a 
station on 1,000 kc/s, the oscillator is operating at 1,465 kc/s. 
Suppose, further, that acoustic feedback causes the plates of 


the oscillator capacitor to 
vibrate by an amount such 
that the oscillator fre- 
quency changes by ± 
1,000 c/s. The oscillator 
frequency then varies 
periodically between i ,464 
kc/s and 1,466 kc/s, and 
the intermeffiate frequency 
varies between 464 kc/s 
and 466 kc/s. The inter- 
mediate frequency thus 
varies by ± i kc/s — the 
same amount as the oscilla- 
tor — aboutthemean value. 
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Owing to the flat- topped resonance curve of Fig. i8.i, how- 
ever, this causes little harm, for ignoring small effects due to 
the sidebands if the carrier is modulated, there is no variation 
in the detector input. Suppose, however, that we now tune in 
a station on lo ]\Ic/s (30 metres). The oscillator frequency will 
now be 10,465 kc/s, but the variation due to microphony will 
not be ± I kc/s, for the amount of vibration of the capacitor 
plates will be the same as before. Assuming the same L/C ratio 
in the tuned circuit the percentage change of frequency will be 
the same ; that is, the frequency will vary by i part in 1,465, 
or 10,465/1,465 = 7*15 kc/s. The intermediate frequency 
will consequently sweep between 457*85 kc/s and 472*15 kc/s, 
and it will no longer remain within the limits of the flat top of 
the resonance curve, but will sweep over the sloping sides, 
causing the detector input to vaiyn This naturally varies the 
sound output from the speaker and hence the vibration of the 
capacitor vanes. 

Higher Frequency Drawbacks 

At higher frequencies, matters are still worse. Thus, at 
41*5 Mc/s (7*23 metres) the frequency used for the sound 
accompaniment to television in the London area, the oscillator 
frequency w’ould be 41*965 Mc/s, and on the same basis as 
above the change in intermediate frequency would be no less 
than ± 28 74 kc/s. 

In practice, of course, it is very doubtful whether the changes 
are actually as great as this, for there are various modifying 
factors which have been ignored for simplicity. Nevertheless, 
the broad fact emerges that the less selective the i.f. amplifier, 
the greater the freedom from feedback effects. A certain 
degree of selectivity is needed for the avoidance of interference 
and one cannot avoid microphony with safety by adopting this 
means on the ordinary short wavebands. 

It is, however, legitimate to do so on the ultra-short wave- 
lengths, for here interference is not yet a problem, and the use 
of a large bandwidth for the i.f. amplifier not only renders 
microphony of little importance but it enables really high- 
quality reproduction to be obtained, since the highest musical 
frequencies can be full^^ reproduced. For ultra-short- wave 
working, a special superheterodyne is thus needed for the best 
results, a bandwidth of 20-30 kc/s with an intermediate fre- 
quency of 5 Mc/s is satisfactory. A converter can be used with 
an ordinary broadcast set, but the average set is too selective to 
prevent some difficulty being experienced from microphony. 
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THE LOUDSPEAKER 

T he defects which can develop in a moving-coil loud- 
speaker are quite numerous, and are often very difficult 
to trace. Fortunately, however, they occur comparatively 
rarely, for the modem speaker is a fairly robust instrument and 
will withstand a lot of misuse. Defects in the field winding, 
such as an open-circuit or short-circuit, are easily located by a 
resistance test and need not be further considered. The faults 
which are most difficult to trace occur in the cone and its 
suspension system, and they produce distortion which it is 
easy to mistake for that introduced by an overloaded valve. 

One of the commonest faults is a dirty air-gap between the 
poles of the magnet. It must be remembered that the magnet 
is powerful, and in the course of time it collects stray iron 
filings and these accumulate in the gap, together with dust and 
dirt, and foul the moving-coil. Its movement is consequently 
impeded in an irregular manner and the quality of reproduction 
is affected, becoming fuzzy on loud passages. This trouble 
is rather more likely to occur with a permanent magnet speaker 
than with an energized model, since its magnetism is always 
present, wffiereas the full magnetism of the latter is only produced 
when the field is energized. 

In order to clean the gap properly it is necessary to remove 
the cone and moving-coil assembly and to wipe the gap 
thoroughly with a piece of cloth wrapped round a thin sliver of 
wood. Thorough wiping is essential if all particles are to be 
removed, for the particles of magnetic materials have naturally 
a strong tendency to stick to the faces of the ma^et, and it is 
a great help to smear the cloth wdth a little vaseline. 

On replacing the cone assembly, it is necessary carefully' to 
centre the coil in the gap so that it moves freely without coming 
into contact with the pole pieces. Centring is often needed 
even when the cone has not been removed, too, for the continual 
vibration to wffiich a speaker is subject may in time loosen the 
centring screw or, more often, strain the spider. 

When the air-gap is fairly wide, centring is quite easy and is 
best done by trial and error. A typical arrangement is shown 
in Fig. 1 9.1; the centring screw should be slackened and the 
coil allowed to take up its own position. Then tighten the 
screw with the fingers so that it only just holds the spider. 
If the cone is now moved gently in and out by grasping it at 
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diametrically opposite points with the fingers, it is easy to tell 
whether it touches the magnet or not. If it does, determine 
which side it is touching and move the spider appropriately. 
When the central position has been found, the centring screw 
must be properly tightened. 

It is very important that all screws and nuts on a loudspeaker 
be thoroughly tight, otherwise they will rattle, usually on 
certain musical notes only. A similar effect, which varies 
from a rattle to a buzz, can be caused by an imperfect seam in 
a cone, or a poor joint of cone to spider, cone to moving coil, 
or cone to surround. In many cases such joints are made with 
overlapping paper cemented together ; if the cement cracks the 
tw^o edges will rattle against one another and cause distortion at 
certain frequencies and particularly at large volume. The 
remedy, of course, is to cement the surfaces together again, 
and this is readily done with a cement consisting of celluloid- 
dissolved in amyl acetate. 

Faults of this nature are not a common occurrence with the 
ordinary loudspeaker and under normal conditions of use ; 
they are most likely to occur when the amplifier has a large 
output stage. They are, however, very probable if the speaker 
is used for any length of time with an amplifier wkich is motor- 
boating, for the large amplitudes developed are a severe strain 
upon the cone suspension and the centring device. 

There are, of course, many other defects which may be 
present in a loudspeaker, such as a poor frequency response, or 
a non-linear motion of the cone. These, however, are by no 
means easy to remedy and are, in fact, often defects in the 
original design and not faults which have developed with use. 
There is consequently little which can be done to remedy them 
and the only certain method of deciding whether any fault is 
peculiar to a particular specimen, or whether it is common to 
all models of that type, is a comparative test of two specimens 
under the same conditions. 

Even with the best speaker, the performance will not be good 
unless it is correctly used and the baffle or cabinet is a very 
important item, as is also the matching of the speaker to the 
output valve. From most points of view a flat baffle is the 
best and it should be constructed from rigid material if it is 
not itself to introduce resonances. Good results can be secured 
with a baffle 3-ft square of 7-ply wood provided that it is braced 
and ri^dly mounted. Theoretically, of course, a much larger 
baffle is necessary for the fuU reproduction of the lowest 
frequencies, but this is rarely practicable. It is sometimes 
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possible, however, to build a loudspeaker into a wall between 
two rooms so that each room is served by one side only of the 
cone, and this constitutes an ideal baffle. 

Cabinet Resonance 

In most practical cases, however, the loudspeaker must be 
used in a cabinet and great care must be taken to avoid 
resonances. These occur at low frequencies, and w^hile they 
give a false bass which is not alw^ays objectionable on music, 
they often make the reproduction of speech unnatmal and 
intolerably “ boomy The golden rules for the avoidance of 
box resonance are to use as wide and shallow a cabinet as 
possible and to construct it rigidly of heavy w^ood. In practice, 
however, it more often happens that one is confronted with a 
cabinet of light wood, sometimes ply-wood, having a depth 
nearly equal to the width and the problem is so to arrange 
matters that box resonance does not occur. 
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This is naturally much more difficult, but it is a problem 
which often arises. In many cases no complete solution is 
possible, but some improvement can usually be made. ^ If 
space permits, the best course is probably to line the cabinet 
with slag wool, but this is rarely possible when the receiver is 
contained in the same cabinet as the speaker, and the best 
course in these circumstances is usually to line the cabinet 
with some acoustically dead material, such as Celotex board. 

If this cannot be done, or proves ineffective, it is advisable to 
relieve matters by cutting holes in the cabinet at appropriate 
points. As much of the bottom as possible should be removed, 
assuming that the cabinet has legs, so that the bottom is spaced 
from the floor, and if this proves insufficient holes can be cut 
in the sides and covered with gauze to prevent the entry of dust. 

Such holes will naturally reduce the baffle area and so tend 
to reduce the bass response, but they are very effective in 
eliminating box-resonance and the net result is usually a con- 
siderable improvement in the quality of reproduction. 

Even the best speaker and baffle will not give good results, 
however, if the matching to the output stage of the receiver is 
incorrect. Most valve makers publish a figure for the optimum 
load impedance required by an output valve, and figures for 
current types also appear in “ Radio Valve Data ’’ The 
speech-coil impedance of the loudspeaker can be obtained from 
its makers and the transformer ratio is then easily calculated 
from the formula, ratio == V'^Zl/Zs, where Zl is the load 
impedance required by the output stage and Zs is the impedance 
of the speech coil. When Zl is greater than Zs, as it is in 
practically all cases, the ratio is a step-down from primary to 
secondary. 

Load Impedance 

In general, when two output valves are used in parallel in 
the output stage the load impedance required is one-half of 
that needed by one valve, w'hile when they are in class A 
push-pull the load impedance should be twice the figure for 
one valve. It should be understood that the valve maker’s 
figures for load impedance apply only when the valves are used 
under the rated conditions. Set designers often choose 
different operating conditions, particularly when a push-pull 
output stage is used, and the load impedance then required 
may differ from the valve maker’s figure. 

With triode output valves, the matching is not very critical 
and appreciable departures from the optimum conditions can 
> “ Radio Valve Data, ” Iliffe. 
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be made without seriously affecting the performance. The use 
of a transformer of higher ratio than the optimum leads to some 
drop in sensitivity but may actually improve quality slightly. 
A lower ratio than the optimum, however, may give increased 
sensitivity but is likely to affect the quality seriously. With 
pentode output valves, however, class AB and class B types, 
very little mismatching can be tolerated from the point of 
view of qualit>% and serious distortion may occur if the load on 
the output stage is not kept quite close to the optimum figure. 

The output transformer is important apart from its ratio, 
and if it is not to introduce distortion it must have a high 
primary inductance and a very low leakage inductance. These 
requirements are mutually opposing and a good transformer 
will consequently have a large core, many turns, and the 
primary and secondary windings will be in many interleaved 
sections. Except with small output stages, a large core is 
necessary to avoid amplitude distortion due to saturation of the 
core at low frequencies. 

The important factor is the ratio of the primaiy reactance at 
the lowest frequency to the effective circuit resistance, which 
is the output resistance of the amplifier in parallel with the 
load resistance required by the amplifier. 

For the best results with an output of 4 watts, the core 
section should not be less than i *5 sq in using Stalloy lamina- 
tions. This applies when the load impedance is 10,000 Q, 
the amplifier output resistance is 1,500 and the primary 
inductance 70 H. The use of a lower load impedance would 
permit a smaller core to be used or larger power to be handled 
by the same transformer. 

When a transformer is to be selected for a large amplifier, 
therefore, care must be taken to obtain one with adequate 
inductance and core if the bass is to be properly reproduced 
without distortion, and of low leakage inductance if the higher 
frequencies are to be fully reproduced. On account of the 
high a.c. resistance of pentodes, the output transformer would 
have to be impossibly large if it were not for the fact that 
negative feedback can be used to reduce the output resistance 
to any desired figure. 

The High- Note Tweeter 

With high quality equipment the moving-coil speaker is 
sometimes supplemented by a high-note tweeter. In general, 
the moving-coil speaker fails to maintain its output at the 
highest audible frequencies and an additional speaker, specially 
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Fig, 19,2: The method of connecting a piezo-electric tweeter and moving-coil 
speaker is shown here 


designed to deal with these frequencies only, enables a con- 
siderable improvement in reproduction to be obtained. The 
use of a tweeter is, of course, only justified for high quality 
local reception, for the avoidance of interference necessitates 
the suppression of the highest frequencies when receiving 
other stations. 

The piezo-electric principle is sometimes employed for 
tweeters and the best method of connection is usually the one 
shown in Fig. 19.2. The potentiometer is included in order 
that the correct balance between the two speakers may be 
secured, for moving-coil types differ widely in their sensitivity. 
It is important to note that if the correct effect is to be secured 
the tweeter must be mounted close to the moving-coil speaker, 
and it is usually best just above it. 
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CHAPTER 20 

EXTENSION LOUDSPEAKERS 

T O eyer3r"one there comes at some time the problem of 
fitting one or more additional loudspeakers to a receiver. 
Many modern receivers are, of course, arranged by the 
makers so that this is easy, and there is then nothing to do but 
follow their instructions. In the general case, however, it is 
necessary to exercise some care if satisfactory results are to be 
secured. 

The correct solution to the problems involved may turn out 
to cost more than one at first expects, so that it is best to tackle 
the question from two different angles. One way is to consider 
the matter from the scientific point of view and find the arrange- 
ment which, regardless of cost, will give the best results. This 
will often be one the cost of which is only justifiable in a high 
quality permanent installation. The second method is to 
adopt a more commercial attitude and find the cheapest system 
which will enable reasonably good results to be obtained. 

Considering this second method first, the usual procedure is 
to obtain an additional permanent-magnet type speaker complete 
with output transformer and to connect the primary of this 
transformer in parallel with that of the existing output trans- 
former. Since the extension leads will then usually be joined 
to positive h.t., it is a good plan to modify the system by 
inserting a 2-juF capacitor in series with each lead at the receiver 
end. An accidental short-circuit to earth from any point on 
the extension line will not then cause damage through short- 
circuiting the h.t. supply. 

It is easy to see that the drawback of this simple scheme is 
that the operating conditions of the output valve are upset, for 
its load impedance is lowered. If the valve normally works 
into the correct impedance its load will be too low when both 
speakers are in use, and amplitude distortion will be increased. 
Furthermore, the extra speaker robs the other of power , so that the 
volume control must be turned up to maintain normal volume, 
and there is again the likelihood of an increase in distortion. 

It often happens, however, that a much lower level of volume 
is required from the extra speaker, since in many cases it is 
used in a smaller room than the main one. It is then possible 
to improve matters considerably by deliberately mismatching 
the extra speaker. If the output valve requires a load impedance 
of 5,000 for instance, which is provided by the main speaker, 
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4 then msteac^of using an extension speaker having a transformer 
to give thi^’^eapie value of load, provide it with one giving an 
^ imj^ed^Ce^f^say, 20,000 Q, 

* Advantage of Mismatching 

Instead of the load on the valve decreasing from 5,000 H to 
2,500 n, it will then only fall to 5,000 X 20,000/25,000 = 
4,000 Q, and the operating conditions will be much less affected. 
Furthermore, instead of the power being divided equally 
benveen the speakers, it will divide in inverse proportion to 
the transformer primary impedances. Thus, in the above case, 
the main speaker will take four-fifths of the power and the extra 
speaker one-fifth ; the difference in volume between the two 
will consequently be 6 db. Ignoring any loss due to the 
change in load impedance on the output stage, the volume of 
the main speaker will drop by i db only, instead of 3 db, when 
the extra loudspeaker is connected. The volume from the 
e*xtra speaker will be 3 db below that given by equality of 
transformer primary impedances. 

When this course is adopted it is possible to include a make- 
and-break switch in series wdth one of the extension leads to 
permit the extra speaker to be switched on and off at will, and 
the performance of the main speaker is hardly affected. Where 
a number of extra speakers is required, however, this arrange- 
ment is hardly practicable and it becomes necessary to adopt a 
more scientifically-designed arrangement. 

To take the most general case, let there be a total of n speakers 
and let it be required to feed each with the same amount of 
power. If all speakers are identical their speech coils can all 
be in parallel, the extension leads then being in the output 
transformer seco nda ry circuit. The ratio of this transformer 
is equal to -v/wZl / Zs when Zl is the optimum load required by 
the valve and Zs is the impedance of the speech coil of one 
speaker. 

When the impedance connected to any one line is of the 
order of 50-500 fl, this arrangement is satisfactory for lines of 
up to some 200 ft. By the impedance connected to the line is 
meant Zs/«i where ni is the number of speakers connected to 
that line. Thus with Zb == 100 Q, it is possible to feed two 
speakers tlirough one line quite safely, provided that heavy 
gauge conductors are used, but if there are more than tw^o 
spealcers extra lines shouW be used. When the line length is 
shorter, however, a lower impedance termination is possible 
and it is possible to use 30 ft or so with Zs no more than 1 5 
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I 


im\ A Imi 

^msptitk^r 


Secondary Extensions Inadvis; 

Many speakers have lower impedances thanl 
and 2 ’S ohms is a common value. It is then inaS 
extension leads in the secondary circuits and 
should be provided with its own transformer. 

This must be done when the speakers have differe nt value s 
of Zs and the ratio of each transformer should be V^Zl/Zs, 
Zs being the speech coil impedance of the speaker under con- 
sideration. It will be seen that this gives the same ratio as 
before when Zl and Zs are the same. Generally, however, 
the transformers will not be the same. 

With only a single transformer, the primary reactance should 
be twice Zl at the lowest important frequency. When each 
speaker has its own transformer, however, the primary reactance 
of each should be equal to 2 «Zl ; that is, the primary inductance 
in the second case should be n times that in the first. It is not 
always possible to adhere to this rule. 

The difficulty in fitting each speaker with its own transformer 
is that the lines cannot be very long before capacitance effects 
upset the operation by removing most of the upper musical 
frequencies. The speech-coil impedance of the average 
speaker is too low to permit a long line in the transformer 
secondary circuit on account of the resistance and inductance 
of the wnres, while the load impedance of the average output 
stage is too high to permit a long line being used in the primary 
of the output transformer on account of the capacitance. 


When Long Lines are Used 

In cases where very long lines must be used, therefore, it 
becomes necessary to take the impedance of the line into account. 
Transmission-line theory becomes quite complex in all but its 
simplest branches, and it will not be treated here. As applied 
to extension speakers, however, it involves the use of a trans- 
former at each end of the line, one at the receiver to match the 
output stage to the line and another at the speaker to match 
the line to the speaker. 

Where a number of speakers is used and matched correctly, 
the output of the amplifier is divided equally between the 
speakers. If the output is only sufficient for one speaker, 
therefore, it is necessary to redesign the output stage so that it 
, will supply n times the power. 

Not only is an extra loudspeaker a common addition to a 
receiver, but either a microphone or a gramophone pick-up is 
often required. Most sets are arranged for the connection of a 
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pick-up and it is necessary only to choose a model of adequate 
sensitivity for the particular receiver with which it is to be used 
and to connect it to the terminals fitted. Provided that the 
connecting leads are screened, trouble is rarely experienced, for 
the leads do not usually exceed about three feet in length. 

It occasionally happens, however, that it is desired to operate 
the pick-up at a considerable distance from the receiver or 
amplifier and serious difficulties are then likely to be found. 
Pick-ups are normally designed for working into high imped- 
ances, 0*1-0 *5 Mfl, with the result that the capacitance bet\veen 
any considerable length of connecting lead seriously affects the 
performance . T he capacitance is , in fact , very considerable , since 
screened leads are essential for the avoidance of hum pick-up. 

With the conventional pick-up, there is only one remedy and 
this is to connect a step-down transformer between the pick-up 
and the leads connecting it to the receiver. With a suitable 
transformer, the effect on quality is negligible, but there is a 
loss in efficiency unless a step-up transformer is also used to 
connect the line to the receiver. 

A better course is to employ a low-impedance pick-up which 
can be connected directly to the line ; only the step-up trans- 
former from line to amplifier is then needed. Pick-ups wound 
for an impedance of 600 O, however, are not generally obtain- 
able, probably because a step-up transformer is essential in all 
circumstances if their efficiency is to compare with that of the 
more common types. 

Microphones, too, bring their own problems and with nearly 
all types a transformer is needed having a step-up ratio between 
the microphone and rec eiver. The ratio is readily calculated 
and is equal to VZs /Zp where Zs is the value of the resistance, 
usually a volume control, shunting the transformer secondary, 
and Zp is the impedance of the microphone. With carbon 
type microphones the impedance is practically the same as the 
d.c. resistance at the" normal operating voltage. 

Unsatisfactory results are often secured when a microphone 
is connected to the pick-up terminals of an ordinary receiver, 
because the amplification is not always sufficient. The output 
of a carbon microphone is only about o*i V and most modem 
receivers require an input of the order of i V at the pick-up 
terminals. Other types of microphone give smaller outputs 
and in general the better the microphone from the quality view- 
point the smaller its output. It is, therefore, often necessary 
to connect an amplifier between the microphone and the pick-up 
terminals of the receiver if adequate volume is to be secured- 
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THE AERIAL-EARTH SYSTEM 

S INCE amplification was difficult to obtain in the early 
days of wireless, great attention was then paid to the 
aerial and earth system, for improving its efficiency was 
the most practicable method of increasing the range of reception 
and signal strength generally. With the common use of 
modem highly sensitive receivers, however, it is now all too 
often neglected ; the listener then pays the price, not necessarily 
of an absence of signals, but of a poor signal -noise ratio. 

Even with a complete absence of local interference there is a 
limit to the amplification vrhich can usefully be employed. 
As explained on page 8 i the receiver itself inevitably introduces 
a certain amount of noise and it is essential for the signal 
delivered to the set by the aerial to be stronger than this noise 
if satisfactory reception is to be secured. The noise level is 
fixed for any given receiver and there is very little which can 
be done to reduce it ; the level, however, depends on the type 
of set and, comparing types of equal sensitivity, wdll normally 
be greater in a superheterodyne in which the first valve is a 
frequency-changer than in one which includes an r.f. amplifier. 
A set of the latter kind is, in fact, the equal of the straight set 
as regards noise. 

The actual noise level is not of much importance, however, 
if we can obtain an adequate signal-noise ratio. Obviously, it 
does not matter whether there is i /ixV of noise voltage on the 
grid of the first valve or loo ftV, provided that when the recover 
is delivering normal volume from a signal the noise is inaudible. 
It is always the signal-noise ratio which is important ; the 
signal level depends on the power and distance of the trans- 
mitter and upon the prevailing conditions. It also depends on 
the aerial system, whereas the noise depends only on the 
receiver. The signal-noise ratio thus depends on both receiver 
and aerial. 

Suppose, for example, that two receivers A and B have the 
same sensitivity but noise levels of i fcV and lo respectively, 
then equal signal-noise ratios will be secured wdth signal inputs 
of, say, 10 jUrV and loo /xV, and the noise, although audible, 
will not be serious. Now if the poorer receiver B is used with 
a good outdoor aerial noise will, in general, be negligible on the 
stronger Continental transmissions, for at night many of th^e 
provide signals of up to i,ooo /xV. If receiver A is used with 
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a poor aerial, such as a small indoor aerial, however, the same 
signal may provide no more than one-hundredth the input. 
Under these particular conditions there will be a signal-noise 
ratio of lo : I for receiver A and i,ooo : i for receiver B ; in 
other words, the poorer receiver gives ten times the signal- 
noise ratio. 

In practice, of course, the difference is rarely as great as this, 
but the example emphasizes the importance of the aerial, 
A good receiver will alw^ays give a better performance than a 
bad one when the comparison is made on similar aerials, but 
it is quite possible for the bad set with a good aerial to be better 
than a good set with a bad aerial. After all, a receiver can only 
work on the input with which it is supplied and it is the business 
of the aerial to supply this input. 

Circumstances Governing the Aerial 

Now the best type of aerial depends upon circumstances and 
there are many factors to be taken into account. In cases 
where local interference is present it will probably be necessary 
to adopt one of the special lead-in systems described in 
Chapter 9, and certain of these are now obtainable in a form 
suitable for all-wave reception. In general, anti-interference 
aerials are less efficient than ordinary types, so that their use 
leads to a lower signal-set noise ratio. The local interference, 
however, wdll be so much greater than the set noise in all cases 
where such an aerial system is used that the latter is negligible 
in comparison. There is no doubt whatever that when local 
interference is troublesome the use of a suitable type of anti- 
interference aerial will effect a great improvement, provided 
always that the aerial proper, as distinct from the lead-in, can 
be erected outside the field of interference. If this cannot be 
done, then the interference will still be present. 

Importance of the Earth 

In this connection it should not be forgotten that the earth 
may be ^ important as the aerial. Signals and interference 
can be picked up by the lead from the receiver to earth and 
by the ground itself from the earth to a point belozjo the aerial. 
Little in the way of signals is picked up by this portion because 
of its low effective height, which reaches zero in the case of 
the ground. Severe interference may be picked up, however, 
sometimes even more than by the aerial lead-in. The inter- 
ference is often severely local and the earth lead often passes 
thr6ugh the most intense part of the field ; moreover, there 
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Fig. 21.1: This sketch shows one method of erecting an aerial at a distance from 
a house in order to keep ic out of the interference field 


may be interference currents circulating in the ground. It 
must never be forgotten that the complete aerial circuit com- 
prises the horizontal span of the aerial, the lead-in, the primary 
circuit of the receiver, the earth lead, the conductors (water- 
-pipes, soil, etc.) from the point of connection of the earth lead 
to the area beneath the aerial, and the space between the 
horizontal span of the aerial and the ground beneath. At any 
point within this circuit interference can be picked up and 
there is little to be gained by screening the down-lead if the 
earthy path from receiver to the under-aerial ground passes 
through the interference zone. Disappointment with anti- 
interference aerials, when care has been taken to erect the 
aerial itself outside the field of interference, is most probably 
due to neglect of this point. 

Theoretically, it is only possible to secure complete freedom 
from interference when the entire aerial-earth system is removed 
from the field of interference. This is not always as difficult 
to arrange as it sounds, and the scheme depicted in Fig. zi .i can 
often be adopted. It will be seen that the aerial is erected w^eli 
away from the house, and the dowm-le^d and earth arranged 
at the end remote from the house. In normal circumstances 
this will give the minimum of interference, for the whole 
aerial-earth system is as far as possible from the house in which 
the interference is presumed to originate. 

Since it is somewhat inconvenient to keep one’s receiver at 
the bottom of the garden, it is necessary to take the signals 
picked up by the aerial to the receiver without interference 
being picked up en route. This is done by means of the step- 
down transformer and screened low-impedance cable. This 
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latter can usually be readily disposed inconspicuously by 
burying it or cleating it to the garden fence. 

The difficulties are greater, of course, where no garden is 
available, but even then they are not always insuperable. In 
the case of a modern building such as a block of offices or 
flats, the aerial must usually be erected on the flat roof and 
there is usually very severe interference generated within the 
building itself. If the receiver is on one of the lower stories 
the conventional screened down-lead and earth may prove 
satisfactory^ but is unlikely to be so when the receiver is used 
on an upper floor, for quite a large portion of the building is 
then acting as an earth lead. The best results are then likely to 
be secured by using a counterpoise earth as shown in Fig. 21,2. 
The aerial should be erected as high as possible and a counter- 
poise, consisting of several parallel wires about a foot apart 
and connected at one end but otherwise insulated, erected 
beneath it and used as the local earth. The counterpoise can 
be about six feet above the roof. The importance of height 



21.2: On a large buildings a counterpoise may prove superior to an earth connection 
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for the aerial will be realized when it is remembered that the 
effective height will not exceed the distance between aerial and 
counterpoise. 

Arrangements such as these, however, are necessary only 
when local interference is present. In the domestic areas of 
rural and suburban districts local interference is probably 
negligible in most cases, and efficiency is the chief factor to be 
considered in the design of an aerial, and in the attainment of 
efficiency height is the most important factor. For general 
reception on all wavelengths experience shows that the ordinary 
inverted-L aerial is the best. It is very difficult to improve on 
this type for meditim and long wave reception and in most 
cases it is the best for the short waves also. An exception 
occurs when reception is required on a particular wavelength 
or a narrow band of w^avelengths only, for then some form of 
resonant aerial can be used with advantage. 

The physical dimensions of resonant aerials are proportional 
to the wavelength and it is consequently only possible to erect 
types for the shorter wavelengths in the space available in the 
normal garden. Moreover, a resonant aerial must be joined to 
the receiver properly ; with most types a simple lead-in wire is 
not good enough. It is necessary to use a properly terminated 
transmission line, wffiich is more usually termed a feeder, and 
which if arranged correctly does not itself pick up signals. 
Such aerial systems are consequently also anti-interference 
aerials and a correctly arranged resonant aerial and feeder will 
give as much freedom from local interference as the usual anti- 
interference types. It wdll do this with high efficiency as long 
as it is only used for reception on wavelengths close to the 
resonant value ; at other wavelengths the efficiency falls off, 
and the immunity from local interference is also reduced because 
with the change in the aerial impedance the feeder is no longer 
correctly terminated. 

Use of a Resonant Aerial 

In general, a resonant aerial is to be recommended when 
reception in a particular narrow band is desired. Anyone who 
is specially interested in lo-metre or 20-metre amateur recep- 
tion, for instance, would be well advised to erect an aerial 
resonant to one of these wavelengths. Again, for some special 
reason, the best possible reception of some particular station 
might be required, and here also an aerial resonant to this 
wavelength would be advisable. In this connection it should 
be pointed out that many resonant aerials are directional and 
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should consequently be erected so that best reception is obtained 
from the desired stations. In working out the direction it is 
useless to calculate the direction from an ordinary atlas based 
on Mercator’s Projection, at any rate for distances exceeding a 
few hundred miles. A globe must be used or else a map with 
a Great Circle Projection; 

The simplest form of resonant aerial is a wire having a length 
which is definitely related to wavelength. The commonest are 
the A/2 and A/4 aerials (A = wavelength in metres); the A/4 
aerial, however, is not such a true resonant aerial, for it depends 
on the earth for its operation. The current distribution in such 
aerials is shown in Fig. 21 .3, and is a maximum in the centre for 
the A/a type and at one end for the A/4 type. The impedance 
of the aerial is lowest when the current is greatest and vice 
versa, and a half-w’ave aerial has a centre-impedance of about 
73 0 . The end-impedance would ideally be infinite, but in 
practice is of the order of 2,500 fl. 

The aerial can have the feeder connected at the end or the 
centre, but the feeder must have the same impedance as the 
aerial at the point of connection. Now the feeder impedance 
depends upon the spacing of the two wires of which it consists 
and upon their diameter, and the values obtainable are severely 
limited in practice. Where the aerial and feeder impedances 
are not the same a matching device must be inserted between 
the two, and this often takes the form of a resonant line which 
has the property of acting as an impedance transformer. 

Special feeder cable with an impedance of 72 fi is available, 
and can be connected directly to the centre of a half-wave 
aerial as showm in Fig. 21.4 fa). The feeder should be brought 
away from the aerial at right angles for a distance of at least a 



Fig. 21.3; The dotted lines show the current distribution in resonant aerials 
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quarter-wavelength. This is easy when the aerial is horizontal, 
but troublesome when it is vertical. 

The choice between vertical and horizontal aerials depends 
on which is used at the transmitter, for the aerials at both ends 
should be the same. In general, however, this is of little 
importance in long-distance reception, for the plane of polariza- 
tion of, the wave-front gets twisted in its passage to the receiving 
aerial. It is usual, therefore, to adopt a horizontal aerial for 
ordinary short-wave reception since it is more convenient to 
erect. For television reception, however, a vertical aerial’ is 
necessary, since the transmitting aerials are vertical and the 
distance is normally short. 

Owing to the mechanical difficulty of bringing the feeder out 
at right-angles from the centre of a vertical aerial, it is sometimes 
more convenient to feed it from the end. This necessitates 
the use of an impedance transforming section for matching the 
aerial to the feeder. Fortimately such a section is extremely 
simple to construct for it consists merely of two parallel wires 
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A/4 long, as shown in Fig. 214 (fe). At the lower end the two 
wires of the feeder are joined to the two wires of the matching 
section ; at the upper end one wire is joined to the aerial and 
the other left free. 

In practice, the aerial and matching section are built together 
and a single length of wire is used for the aerial and one limb 
of the matching section. The other limb is a length of the 
same wire spaced from the first by a number of spreaders. 
The spacing is important and depends on the wire diameter. 
In spite of its greater mechanical convenience, however, the 
end-fed aerial does not seem in practice to give quite as good 
a performance as the centre-fed, 

A third type of aerial is the centre-fed half-wave aerial with 
a reflector. This type of aerial gives increased efficiency and 
somewhat less pick-up of interference on account of its improved 
directional properties. It consists simply of a A/a aerial 
centre-fed as in Fig. ai.4 (c) but mounted vertically. Behind it 
is mounted another insulated wire of length A/2 and spaced 
from the aerial by A/4. In this case it is quite easy to bring 
out the feeder at right-angles to the aerial, for it can be supported 
by the framework which is needed for holding the reflector. 
This type of aerial is wddely used for television reception. 

The actual lengths of resonant aerials are always slightly 
shorter than the nominal lengths by w^hich the types are known, 
for the diameter of the conductor and the method of supporting 
it affect the resonance frequency. The length of a Xjz aerial is 
thus not exactly one-half wavelength, but must be about 0-94 
Xjz, Full details regarding the calculation of aerial lengths and 
feeders are given in Appendix i. 

It is worthy of note that resonant aerials of the Xjz type do 
not depend upon earth to complete the circuit but are complete 
in themselves. The earlier remarks regarding the importance 
of the earth in interference elimination thus do not apply to 
these types. They are actually of an ideal form for the avoidance 
of local interference, but the aerial itself must naturally be 
erected outside its field of influence. Resonant aerials should 
always be erected as high as possible, for not only does the 
field strength rapidly increase with height at ultra-short wave- * 
lengths, but ignition interference from cars rapidly decreases. 



CHAPTER 22 


AUTOMATIC FREQUENCY CONTROL 

Q uite a number of set makers have in the last few years 
produced receivers which include some form of auto- 
matic frequency control, or a.f.c. for short. (It is also 
sometimes less correctly known as automatic tuning control, 
or a.tx.) It is, however, by no means common as yet, and 
because of its unfamiliarity its adjustment may prove somewhat 
troublesome and it may even complicate the ordinary' processes 
of fault-finding. It is, therefore, desirable to treat it in rather 
great detail. 

It is first necessary to be perfectly clear about what a.f.c. is 
and how it functions. The purpose of a.f.c. is to make it 
impossible for a receiver to be appreciably mistuned from a 
signal. In the case of a selective broadcast receiver quite a 
small amount of mistiming has a marked effect upon the quality 
of reproduction. In spite of this, many people seem incapable 
of tuning a receiver correctly and habitually leave it mistuned 
by amounts up to several kilocycles a second. 

When a.f.c. is fitted it suffices if the tuning control is set 
within some 5 kc/s of the frequency of the desired signal. The 
set then tunes itself to the signal with quite a high degree of 
accuracy. It is obviously of great value in motor-driven push- 
button sets and is frequently included in them. 

A.F.C. is applied only to the superheterodrae and it functions 
by varying the oscillator frequency so that the difference 
between the signal and oscillator frequencies is brought exceed- 
ingly close to the intermediate frequency. The signal-frequency 
circuits are not affected, so that if the tuning is not adjusted 
close to resonance by the manual control in the first place, the 
result is to leave the signal-frequency circuits mistuned. As a 
rule this is not very important because they are usually fairly 
flatly tuned. 

An a.f.c. system consists of two main parts — the frequency- 
control stage and the discriminator. The former is a circuit 
arrangement which behaves as a reactance, the value of which 
depends upon the magnitude and polarity of an applied voltage, 
while the latter is a device for producing a voltage of value 
dependent upon the amount of mistuning and polarity 
dependent upon the direction of mistuning. 

The frequency-control stage almost invariably employs a 
valve so connected that it behaves as a reactance, the value of 
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Fig. 22.1: Four frequency-control circuits are shown here . (a) and (d) are 
equivalent to a variable capacitance and (fa) and (c) to a variable inductance 

which is controllable by varying the grid bias. There are many 
possible circuits and the chief ones are shown in Fig. 22.1. 

Consider the circuit (a) and assume that the reactance of C 
at the operating frequency is very large compared with the 
resistance R. Then the current through R and C leads the 
applied voltage by very nearly 90^ and the grid voltage leads 
the applied voltage by the same amount, since it is developed 
by the passage of this current through R. The anode current 
of the valve is in phase with the grid voltage, and consequently 
leads the applied voltage by nearly 90°. A leading current, 
however, is that drawn by a capacitor, consequently the circuit 
of Fig. 22.1 (^) behaves as a capacitor, the value of which 
depends on the ^temating anode current. This in turn depends 
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on the mutual conductance of the valve ^ 'which can be altered 
by changing the grid bias. We thus find the circuit to be 
equivalent to a variable capacitor. By similar reasoning. Fig. 
2Z.I (b) can be shown to be equivalent to a variable inductance. 
In this circuit Ci is merely a blocking capacitor and serves 
only to insulate the grid circuit from the h.t. supply. 

An Electronic inductance 

The arrangement (c) is somewhat different. The basic com- 
ponents are R and C; is only a blocking capacitor and Ri 
provides grid circuit continuity. In this case assume that the 
reactance of C is very small compared with the value of R. 
Then the current through R and C is nearly in phase with the 
applied voltage, and the grid voltage, developed across C, is 90® 
lagging on the applied voltage. The anode current is in phase 
with the grid voltage and is consequently 90" lagging on the 
applied voltage. The circuit as a whole thus behaves as a 
variable inductance. By similar reasoning (d) can be shown to 
be equivalent to a variable capacitor. 

If the input terminals of any of these circuits are connected 
across the tuned circuit of the oscillator in the frequency- 
changer it is clear that the oscillator frequency can be varied 
by altering the grid bias of the control valve. 

It should, of course, be understood that the circuits shown 
in Fig, 22.1 are not complete, but merely the basic arrangements. 
Also, the input impedance is not a pure reactance but always 
contains a resistive component which damps the oscillator 
circuit somewhat. 

Any of these basic circuits can be used for frequency control, 
but both (6) and (d) are rarely found in practice. The use of 
an inductance for the reactive element in the circuit has two 
disadvantages ; it must be screened to restrict its magnetic 
field and the self- capacitance of the coil is liable to modify the 
action somewhat. 

Of the two remaining circuits (c) is the one commonly used. 
It tends to have a higher input resistance than (a), which is its first 
point of advantage. Of greater importance, howwer, is the fact 
that it behaves as an inductance whereas (a) behaves as a 
capacitance. 

The use of a variable inductance effect is advisable because 
it only necessitates some increase of the oscillator coil inductance 
to give correct ganging. A variable capacitance effect, on the 
other hand, means that the oscillator circuit capacitance must 
be reduced and this is not always possible. 
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This must be clearly understood if the action of the circuit 
is to be followed. Take the arrangement (a) acting as a 
variable capacitance. It gives a range of capacitance from Cjoiu. 
to Cmax. If the receiver is mistuned so that the oscillator 
frequency is too high the bias on the control valve is reduced 
to increase its mutual conductance and so increase its input 
capacitance. On the other hand, if the receiver is mistuned the 
other way, so that the oscillator frequency is too low, the bias 
is increased and the mutual conductance and input capacitance 
fall. In both cases the oscillator frequency is brought nearer 
to its correct value. 

Now it is clear that the receiver must be initially ganged 
with the control valve giving an input capacitance of about the 
mid-point of its range, for otherwise it would not be possible 
to obtain an equal increase or decrease of capacitance for tuning 
correction. The ganging must be carried out with the control 


valve adding a capacitance of about- 


Omtm . 


to the circuit. 


Now this means that the normal oscillator circuit stray 
capacitance must be reduced by the same amount to enable 
correct ganging to be secured. The circuit capacitance is 
normally kept as small as possible, however, in order to secure 
a wide tuning range, and it is consequently often impossible to 
reduce it further by the requisite amount. 

With the inductive input circuit (c) no change of oscillator 
circuit capacitance is needed beyond a small reduction to com- 
pensate for the wiring capacitance and the anode-cathode 
capacitance of the control valve. This is relatively small and 
can usually be accomplished without undue diflficulty. 

The control valve has an inductance varying from Lmm. to 

Lmas. with a mean value of • .. "b » h jg only necessary, 

therefore, to increase the oscillator inductance so that when it is 
in parallel with this value it has its original value. If this last 
is L, the new value Lj must be (Lmin. + Lmax.) / (Lmin, + Lmax. 
— 2 L). This can always be done. 

A typical control stage of this type is shown in Fig. 32.2 con- 
nected to a frequency-changer of the triode-hexode type. The 
oscillator circuit is quite conventional and the control circuit 
differs from that of Fig. 22.1 only by the inclusion of the 
various feed components. 

Cl and C2 are both blocking capacitors and are necessary 
only to maintain the correct d.c. paths. They are of fairly 
large capacitance, say o-ooi fiF, but are in no way critical. 
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R 2 is the resistance through which the control voltage is applied 
and is again not critical as long as it is large compared with the 
reactance of C3. R4 and C5 are the usual screen-feed com- 
ponents and R3 and C4 are for cathode bias. Rn is chosen to 
give a standing bias towards the middle of the valve charac- 
teristic. It must not be too small, for the a.f.c. control voltage 
may be either positive or negative with respect to the earth 
line. The important components are Ri and C3 for they 
control the value of the input inductance of the stage. 

The Discriminator 

Now it will be clear that in order to effect the control of the 
oscillator frequency it is necessary to apply to the control valve 
a bias voltage the value of which depends upon how much the 
oscillator frequency differs from the correct value and the 
polarity of which depends upon whether its frequency is higher 
or lower than the correct value. 

Since the intermediate frequency is dependent on the 
oscillator frequency this voltage can conveniently be derived 
from it and it is done by means of a circuit known as the dis- 
criminator. There are two main types of circuit — the older is 
much the simpler to understand, but is much more difficult to 
adjust. Consequently, it is not often used now. One form 
of this older circuit is shown in Fig. 22.3. Vi is the last i.f. 



Rg. 22.2: This diagram shows a typical arrangement of a frequency-control stage 
with the oscillator of the frequency-changer 
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Fig. 22.3: An early form of discriminator Is shown in this drawing. U Cs and 
L, C{, are mistuned one on each side of the intermediate frequency 


Stage and the circuit is tuned to the desired intermediate 

frequency. It is fed to the diode Vg through C4; this diode 
acts as a detector and a.g.c. source — the a.f. signal being fed 
out in the usual way through C7 and the a.g.c. voltage being 
taken off through the filter Rq Cg. 

All this is quite conventional. We now come to the a.f.c. 
circuits. These consist of the two diodes V3 and V4 fed from 
La Cg and L3 C3 and with load circuits R3 C5 and R4 Cq respec- 
tively. La and L3 are each coupled to L^ by the same amount 
so that equal voltages are induced in each. 

If these two circuits are tuned to the same frequency the 
i.f. voltages applied to V3 and V4 will always be equal, and if 
the load circuits are identical the output of each diode will be 
the same It will be noted that the cathode of V3 is joined to 
earth and the a.f.c. voltage is taken off through R5 Cg from the 
cathode of V4, The anode ends of the two load circuits are 
joined together. 

The total output is thus the difference between the voltages 

220 




AUTOMATIC FREQUENCY CONTROL 

across R3 and R4. When they are equal the resultant is zero. 
Under the conditions given above — La Ca and L3 C3 tuned to 
the same frequency — both diodes give equal outputs and the 
resultant on the a.f.c. line is always zero. 

In practice these circuits are not tuned to the same frequency. 
One is tuned above the intennediate frequency and the other 
below. 

Both circuits must be carefully tuned precisely to the right 
frequencies. Using the control circuit of Fig. 22.1 (c) we have 
seen that if the oscillator is at too high a frequency we need an 
increase of inductance to correct it and that this necessitates a 
reduction of grid bias on the control valve. 

This in turn means that the a.f.c. voltage must be positive 
so that the output of V4 in Fig. 22.3 must predominate over 
that of V3. Now when the oscillator frequency is too high it 
means that the intermediate frequency is too high also — in the 
normal case when the oscillator frequency is higher than that 
of the signal — consequently, L3 C3 must be tuned above the 
intermediate frequency. 

What happens is this — when the intermediate frequency is 
higher than it should be a greater voltage is set up across C3 
than across C2 because L3 C3 is nearer resonance wdth it than 
is L2 C2* The output of V4 exceeds that of V3 and the a.f.c. 
voltage is the difference of the two, and positive. 

This operates on the control valve to lower the oscillator 
frequency and reduce the intermediate frequency also. As the 
intermediate frequency comes nearer to the correct value, the 
voltage on V4 decreases and on V3 increases. Their outputs 
vary similarly and the difference decreases. An equilibrium 
condition is soon reached at w^hich the amount of detuning is 
very small. 

There must, of course, always be some degree of mistuning, 
otherwise no control voltage could appear. If the intermediate 
frequency is exactly right the outputs of the two diodes 
are equal and the a.f.c. voltage is zero. A.F.C. can thus never 
produce perfect tuning; what it does is to make it impossible 
for the tuning errors to exceed a very small amount fixed by 
the designer and which is usually a few hundred cycles at most. 

I 

Initial Adjustments 

When adjusting a system of this nature it is advisable to 
follow carehilly the instructions appertaining to the particular 
receiver if they are available. If diey are not, the following 
procedure will usually be satisfactory. 
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Referring to Fig. 22.3, set C3 to its miniinum capacitance and 
Cg to its maximum, and short-circuit the discriminator output. 
This last is conveniently done by short-circuiting 0 $, Then 
adjust the i.f. circuits, including Cj, and the ganging of the 
signal and oscillator circuits, in the usual way. 

When satisfied that the performance of the set without a.f.c. 
is in every way correct it is time, and then only time, to adjust 
the a.f.c. circuits. If the frequencies to which the discriminator 
circuits should be tuned are known the adjustment is not 
difficult. 

Connect a test oscillator to the i.f. amplifier in the same way 
as for i.f. alignment and a low-range milliammeter in series 
with R4, Set the test oscillator to the higher of the two a.f.c. 
circuit frequencies and adjust C3 for maximum output. 

Then set the test oscillator to the lower of the two frequencies 
and adjust C.^ for maximum output with the milliammeter 
joined in series with R3. 

These adjustments may not be sufficiently precise for good 
results, since it is often impossible to set the test oscillator to 
the desired frequencies with sufficient accuracy. The next 
step, therefore, is to set the test oscillator to the intermediate 
frequency and connect a valve voltmeter across Cg. The valve 
voltmeter must be capable of responding to a steady potential, 
so it must not have a capacitor-input circuit. 

If the circuits are correctly adjusted no reading should be 
found on the voltmeter under these conditions and on detuning 
the test oscillator the voltage should rise with one polarity for 
mistuning one way and with the other polarity for mistuning 
the other. The magnitudes of the voltages for equal amounts 
of mistuning should be nearly the same. 

It will probably be found that with the test oscillator at the 
intermediate frequency zero output is not obtained. C2 or C3 
should then be adjusted to bring the output to zero. If equal 
outputs for equal degrees of mistuning are not then obtained 
the cause is probably unequal coupling between Li and L2 on 
the one hand and and L3 on the other, or else unequal 
effective Q values for the tuned circuits. 

A«F*C Circuit Frequencies 

If the alignment frequencies for the a.f.c. circuits are unknown 
suitable ones will have to be found by trial. For a start it is 
satisfactory to take them as 5 kc/s above and below the inter- 
mediate frequency, and to adjust in the manner just described. 

If the frequencies selected are too near the intermediate 
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Fig. 22.4: With a modern discriminator both tuned circuits are tuned to the 
intermediate frequency and the action depends on the phase difference of the 
primary and secondary voltages 

frequency the band over which the a.f.c. operates will be too 
small. In other words, a.f.c, will be capable of correcting for 
only a small degree of mistuning. 

On the other hand, if the frequencies are too far from the 
intermediate frequency, a.f.c. will operate over too wide a 
band. If this happens, a.f.c. wdll prove most unsatisfactory, 
for it will be liable to be affected by signals on the adjacent 
channels to the wanted station. 

It may then prove impossible to receive a weak signal with 
a fairly strong one on the next channel, for the set will be liable 
to tune itself to the stronger. This will be found particularly 
distressing when there are two fading signals on adjacent 
channels, for it is quite possible for the set to keep tuning itself 
from one to the ofher, keeping in tun^ with whichever fading 
makes the stronger for the moment. 

The remedy for this state of affairs is to avoid too great an 
amount of detuning of the a.f.c. circuits and to keep the i.f. 
selectivity fairly high. 

Largely owing to the difficulty of adjustment this particular 
a.f.c. system is not much used nowadays. A more common 
arrangement is one similar to that shoym in Fig. 22.4. Here 
both i.f. circuits are tuned to the intermediate frequency, so 
that the adjustment is but little different from that of any 

ordinary amplifier. .. . x- 

The circuit shows that there are, as before, two diodes V 2 
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and Vg following the last i.f. stage Vj. The diodes have the 
load resistances Ri and R2 so connected that the outputs oppose 
one another on the a.f.c. line, which is taken through the 
filter R3 C5. 

The essential difference between the circuits lies in the 
method of obtaining the inputs to the diodes. Instead of using 
separate input circuits tuned to different frequencies, common 
circuits tuned to the intermediate frequency are adopted. 

Phase-Variation System 

The action depends upon the phase difference between the 
currents in Lj and L2. The secondai^^ Lg is centre-tapped 
and one-half of the voltage across it is applied to one diode while 
the other half is applied to the other diode. These two voltages 
are 180® out of phase with each other relative to the centre 
point. 

The voltage developed across the primary is also applied to 
the diodes via C3 connected to the centre- tap on the secondary. 
The total voltage applied to one diode is thus the primary 
voltage plus one-half the secondary voltage and that applied 
to the other diode is the primary voltage, rninus one-half the 
secondary voltage. The addition and subtraction must be per- 
formed vectorially, however. 

Now when both circuits are tuned to the same frequency 
the secondary current is 90° out of phase witlt the primary 
current at resonance. The voltages developed across primary 
and secondary are consequently also 90^^ out of phase. The 
input to one diode is thus the primary voltage plus a voltage 
leading it by 90® and to the other diode is the primary voltage 
plus a voltage lagging on it by 90°. These voltages add 
vectorially to equal magnitudes, so at resonance the diodes 
have equal inputs. The outputs are thus also equal and 
add to zero. 

Away from resonance the primary and secondary voltages are 
still equal for the same degree of mistuning from resonance, but 
their relative phase angles are different. The voltage induced 
in the secondary is still 90° out of phase with the primary 
current, but away from resonance the secondary current is no 
longer in phase with this induced e.m.f. 

Suppose the degree of mistuning is such that the secondary 
current is 30® out of phase with the induced e.m.f. Then the 
voltage applied to one diode consists of the primary voltage 
plus one-half secondary voltage at 60® to it, and to the other 
diode it is the primary voltage plus one-half secondary voltage 
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at 120"^ to it. The two add up to different magnitudes and the 
diode inputs are consequently unequal. 

The band of frequencies over which control is secured is 
governed by the Q of the tuned circuits and the coupling 
betw^een them. The user, however, is less concerned with 
these than with the adjustment of the circuits. They must be 
adjusted for resonance at the intermediate frequency, and to a first 
approximation this may be done by trimming them for maximum 
output as indicated by a meter connected in series with R^* 

With over-coupled circuits, however, this alone is not likely 
to be sufficient and it will generally be necessaiy to check the 
adjustment. The first step is to make sure that the diode inputs 
are equal at the intermediate frequency with the aid of a valve 
voltmeter across the a.f.c. line. 

Having obtained a zero voltage across'this line, check that equal 
degrees of mistuning on either side of resonance give approximately 
equal magnitude of a.f.c. voltage but of opposite polarity. 

Faults which may develop in a.f.c. systems are of the same 
nature as those in other parts of the receiver and can be traced 
by normal testing methods. In general fault-finding on an 
a.f.c.-equipped receiver, of course, it is a wise plan to dis- 
connect, or otherwise render inoperative, the frequency-control 
stage. The simplest and most satisfactory way is usually to 
short-circuit the a.f.c. line. 

Fault-finding in the other parts of the receiver can then be 
done on the normal lines dealt with in the earlier parts of this 
book. Troubles which may develop in the a.f.c. system itself 
are usually of a fairly simple nature and probably the commonest 
is misalignment of its tuned circuits. This can have a very 
serious effect on the performance of the receiver, for instead of 
a.f.c. performing its proper function of keeping the receiver 
always tuned to the signal it will then consistently keep it mis- 
tuned from the signal. 

When an a.f.c. -equipped receiver behaves as though it were 
always somewhat mistuned from a signal — and this is evident 
by its effect upon the quality of reproduction — it is almost 
certain that the trouble lies in the adjustment of the tuned 
circuits in the discriminator. 

Other troubles, such as unequal outputs from the diodes 
and short-circuits, partial or complete, on the a.f,c. line are 
most easily detected with the aid of a d.c. valve voltmeter. An 
ordinary voltmeter is not of great assistance, for its resistance 
will be low compared with that of the circuit and its indications 
will cqnsequently be misleading. 
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CHAPTER 23 

PUSH-PULL AMPLIFIERS 

M uch confusion exists in regard to push-pull amplifiers, 
and defects are often suspected when none in fact exists. 
A common complaint is that the removal of one of the 
push-pull output valves causes a very small drop in volume 
and does not apparently introduce distortion. This is no 
indication of any defect and is an entirely normal result. It 
must be remembered that although the removal of one valve 
halves the output, this represents a drop in volume of only 
3 db which is by no means a large amount. Furthermore, 
distortion is not dways apparent because the removal of one 
valve lightens the load on the mains equipment with the result 
that an abnormally high voltage is applied to the remaining 
one and its undistorted output is consequently increased. 

Because of this rise in voltage, the practice of withdrawing 
one output valve must be considered unwise, and it is definitely 
dangerous to valve life to do so when both output valves have 
a common bias resistance. The remaining valve will then be 
grossly overrun and is unlikely to survive such treatment 
unharmed. 

Another effect often found on removing one valve is that 
whereas the removal of one has little effect, the removal of the 
other instead results in motor-boating. Again this is no indica- 
tion of a defect. One of the great advantages of push-pull is 
that less decoupling is needed for the avoidance of feedback 
effects' than if a straight amplifier were used. All the advantage 
of the push-pull connection is lost when one output valve is 
removed and it is consequently only natural that feedback 
effects should manifest themselves . Since the phase is opposite 
on the two sides of the push-pull stage, it follows that on the 
removal of one valve the feedback will be degenerative and 
have little audible effect, whereas on the removal of the other 
it will be regenerative and may cause motor-boating. 

True defects in a push-pull stage are usually of a fairly 
simple nature and consist of widely dissimilar valves and 
defective input or output transformers which can be checked 
by normal methods. 

There are, however, some important differences between 
transformer- and resistance-coupled amplifiers. In the form in 
which is it usually found the transformer-coupled amplifier is 
balanced in each stage individually, and it is financed not only 
for the signal but for feedback. The resistance-coupled 
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amplifier does not provide an individual stage balance, but a 
balance on the signal for the complete amplifier only, and in 
most cases it is not balanced against feedback. 

A typical transformer-coupled amplifier is shown in Fig. 23.1. 
The first push-pull stage consists of Vo and V;3 and is fed from 
an unbalanced input stage The output stage V4, V5 is 
again push-pull. The main advantage of push-pull lies in the 
output stage, for if the valves are alike even-order harmonics 
distortion is balanced out, and only odd-order harmonics 
appear in the output. With triodes, second harmonic distortion 
becomes apparent well before third harmonic in individual 
valves, so that the output obtainable from two valves in push- 
pull is greater than that from the same two valves in parallel. 

In addition to this, the anode current flows in opposite 
directions through the two half-primary windings of the output 
transformer T3, and its core is consequently relieved of the 
magnetization inherent with a single-ended stage. This is 
very important, for it is economically almost impossible to 
design a transformer with a w’ide frequency response and a 
low distortion level for a large output stage of the single-ended 
type, whereas it is relatively easy with push-pull. 

A transformer-coupled push-pull output stage is usually fed 
from an unbalanced stage, and a push-pull penultimate stage 
like that of Fig. 23. X is used only when a single valve will not 
give sufficient output to feed the output stage. In general, a 
double push-pull amplifier is used only when the output valves 
need a very large signal input — of the order of 100 V per valve 
or more. 

The most likely defect in a transformer-coupled push-pull 
stage is a serious disparity between the valves. It is not 
difficult to check the balance of a stage. The easiest way is to 
connect a pair of headphones, shunted by a 100- H resistance, 
in series with the lead to the output transfomier centre-tap. 
Disconnect the centre-tap on the input transformer and connect 
across the secondary a potentiometer with its slider joined to 
the bias source. The potentiometer can well have a resistance 
of the order of 0-2 MQ, 

Varying the setting of this new and temporary control alters 
the ratio of the inputs to the two valves. The procedure, 
therefore, is to apply an input to the amplifier, preferably at 
about 400-1,000 c/s, and adjust the potentiometer for zero 
output in the phones. If the input is too great a good zero 
will not be obtained, but there will be a balance point for the 
fundamental and the second harmonic alone will be audible, 
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Now check the resistance between the slider of the potentio- 
meter and each of its ends, disconnecting it from the transformer 
while doing so. If the two values are the same, or nearly so, 
the valves and output transformer are sufficiently well balanced. 
If they are markedly different, however, interchange the two 
valves, rebalance, and measure the two new resistance values. 
If they are the same as before, the valves are alike, and the 
unbalance is in the output transformer. If the resistance 
values are also inter-changed, however, the output transformer 
is in order but the valves are unlike. Of course, if the resistance 
values have neither stayed unchanged nor inter-changed, both 
valves and transformer are at fault. 

The input transformer is less easy to check, and the best 
way is probably to measure the voltages across its two halves 
wiffi a valve voltmeter. A rough check can be obtained, how- 
ever, during the preceding tests with the potentiometer. Adjust 
the input level so that a fairly sharp balance on the control is 
obtained, then change over to the normal input connections 
without the potentiometer, and note w'hether the fundamental 
is still inaudible in the phones. If it is, the input transformer 
is probably satisfactoIy^ 

It will be noted that the bias resistors R3 and R4 are shown 
in Fig. 23.1 without by-pass capacitors. This is good practice 
when the stages are class A, for the resistance gives a considerable 
degree of self-balancing action to the stage and makes inequalities 
in the valves of much less importance. It does tend, however, 
to increase the odd-order harmonic distortion in the output, 
but the increase is quite negligible for degrees of second- 
harmonic distortion per valve up to some 10 per cent. 

The omission of a by-pass capacitor is permissible in all 
class A stages and also in class AB stages in which the non- 
linearity per valve is not large. It is not permissible in class B 
stages, nor in class AB stages having large non-linearity per 
valve. As a rough guide if on applying a signal giving full 
output the anode current for the stage rises above the value 
with no signal by more than about 10-15 per cent a bias resistance 
by-pass capacitor should be used. 

It will be noted from Fig. 23,1 that each push-pull stage is 
balanced independently of the other. The input division and 
output combination is done in the transformers. Even the 
removal of a valve from the penultimate stage in no way 
disturbs the balance of the output stage. 

The amplifier, too, is completely balanced as far as feedback 
effects from a common h.t. supply impedance are concerned. 
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Imagine each push-pull stage to be perfectly balanced. Then 
in either stage any disturbance on the h.t. line will cause 
equal changes of anode current in the valves of a stage, and 
these will cancel in the transformer and induce no voltage in 
the secondary. 

A disturbance in the h.t. supply to the first valve Vi, how- 
ever, will pass right through the amplifier, for it will act like 
an input signal and induce equal and opposite voltages in the 
two halves of the secon.dar3^ The anode currents of the 
following valves will change by equal and opposite amounts, 
so that there will be no change in the total current drawn by 
a push-pull stage. 

Although a disturbance in the h.t. supply to the first valve 
may pass through the amplifier, because it does not affect the 
combined anode currents of the push-pull stages, it cannot 
produce a fresh disturbance on the h.t. line. Feedback will 
not exist, and there is no need to decouple the first stage. 

In practice, with a two-stage push-pull amplifier, it is usually 
wise to include some decoupling, because no practical amplifier 
ever is perfectly balanced. Moreover, distortion may occur at 
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large outputs through harmonics of the signal being fed back. 
This is more likely with class AB than with class A. 
With only a single push-pull stage, it is rarely necessary to 
decouple the penultimate stage, but earlier stages must be 
decoupled. 

Transformer coupling in push-pull stages is used chiefly 
with class AB2 and class B2 output stages, and resistance 
coupling is more common with class A and class ABi 
stages. A resistance-coupled push-pull amplifier comprises 
four items — a phase-splitting input device, which may be a 
transformer or some valve arrangement, tw^o identical RC 
amplifiers, and an output phase-combining device, which is 



Fig. 23,2 : A two-stage resistance-coupled push-pull amplifier is frequently 
found in high quality equipment, in genera!, the bias resistors do not need 
by-pass capacitors 
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invariably a t r a n s - 
former. In common 
parlance, the output 
stage consists of the last 
valve in each amplifier 
taken together, and the 
penultimate stage con- 
sists of the last but one 
in each amplifier. Thus, 
in Fig. 23.2, Vi and V3 
form one of the RC 
amplifiers and Vo and V4 the other, but V3 and V4 form the 
output stage, and Vi and Vo the penultimate stage. 

This diagram contains only three of the four items mentioned 
above, for the input circuit is not shown. This is because 
there are so many different types, and a selection of them is 
illustrated later in separate diagrams. Referring again to 
Fig. 23.2, the important thing to note is that the ts\o stages are 
not independently balanced as in the case of transformer 
coupling. If V3 and V4 are identical but \\ and V2 are not, 
the whole amplifier is unbalanced and not merely the penul- 
timate stage. Save for the bias resistors, the two amplifiers 
are completely independent between the input and output 
circuits. 

If the individual sides of a stage are alike, and its valves have 
equal inputs in opposite phase, the alternating currents through 
the bias resistance are equal and opposite. Feedback effects 
are then non-existent. If the sides of a stage are not identical, 
however, the bias resistance provides a self-balancing action 
just as in the case of transformer coupling. The omission of a 
by-pass capacitor is equally, and under the same conditions, 
good practice. 

In order to secure good balance it is not sufficient for the 
valves and their inputs to be alike; the coupling resistors 
must also be matched. In Fig. 23.2, for instance, Ri and Ra 
should have the same value, while R3 should equal R4. A 
reasonable degree of equality would be within 5 per cent, but 
2 per cent is better, especially if there is no by-pass capacitor 
across Rs. This is because feedback on R5 accentuates un- 
balance caused by inequality of the coupling resistances, while 
reducing that produced by the valves. It is easier to match 
resistors than valves, so that the capacitor is usually omitted. 

The equality of the couplings is easily checked by measuring 
the resistance and capacitance values. The first stage balance 

23 i 



A F 

OSCILLATOR 

1 



* ■■ — • 


Fig. 23.3 : As explained in the text, the balance 
of a push>pult amplifier can be checked with 
this simple apparatus 
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can then be checked by applying an input from an a.f. oscillator 
through the circuit of Fig. 23.3 and listening with a pair of 
headphones connected across Rs. A capacitor should be 
connected in series with the phones to avoid disturbing 
the bias. 

The potentiometer is adjusted for zero fundamental com- 
ponent in the phones and the two halves of its resistance 
checked, exactly as described for a transformer-coupled ampli- 
fier. When good balance has been obtained in the first 
stage, the second can be tackled in the same way, but this time 
listening with the phones connected across a low resistance in 
the lead to the output transformer centre-tap. 

The phase-splitting arrangements for resistance-coupled 
push-pull amplifiers vary greatly, and some of the commonest 
arrangements are showm in Figs. 23.4-23.8. The first is that of 
Fig. 23.4 and it will be seen that it consists of a direct connection 
between the input and one side of the output, and a valve 
stage between the input and the other side of the output. 

There is a reversal of 
phase in this valve 
stage, and the correct 
output is secured when 
it gives unity amplifica- 
tion. The output is 
taken from the junction 
of Rj and R2, which 
must be proportioned 
correctly. The balance 
condition is ft = i + 
(ra -r Ri) (R2 “H Faj/ 
R2RS. Typical circuit 
values might be ft = 40 ; 
ra = 15,000 Q; Ri = 
40,000 Q; R3 = 0*25 
MD; andR2 = i,4PO 
A modification of the 
circuit is shown in Fig. 
23.5. This has the 
advantage of giving a 
slightly lower hum 

level and is more 

frequently used, par- 

Flg, 23.4 : Phase-reversal for one push-pull ticularly in American 

input fs obtained fay an RC stage of unity SetS. The balance 

amplification 
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condition is /jL= (i -f 
ra/R^) (I R3/R4) “ 
ra/R^. Typical values 
are /x = 40; ra = 

15.000 £2 ; Ri = 

50.000 £ 1 ; R, = 0'25 

Mb; a^id R, = 

8,800 fJ. 

Another common 
circuit is shown in Fig. 

23.6 (a). The t\\’o out- 
puts are taken from the 
anode and cathode 
circuits and are conse- 
quently in opposite 
phase. They are equal 
in value if R3 = Ri -r 
Rg and R5 = Rg. Bias 
is provided by Rg which 
usually has a value of 
some 2,000 £}, while 

Ri and R3 may be 

48.000 n and 50,000 11 
respectively. Sometimes 
C3 is joined directly to 
the junction of R^ and 
Rg, and sometimes Ro 
is shunted by a large 
capacitance ; in both 
these cases Rg does not contribute to the output voltage and so 
the balance condition becomes Ri = Rs. The circuit of 
Fig. 23.6 (6) is identical save for the method of obtaining grid 
bias. Instead of deriving it from the voltage drop across a 
resistance in the cathode circuit, it is taken from a tapping on 
a potentiometer R4, R5 across the h.t. supply. This variation 
of the circuit is not often found. 

The main practical difficulty that may be encountered with 
this circuit is hum arising from poor heater-cathode insulation 
in the valve. There is usually little difficulty if one side of the 
valve heater is earthed, but there will undoubtedly be trouble 
if the heater is joined to cathode or left floating. Earthing the 
heater means that the cathode voltage appears across the 
heater-cathode insulation, but as it rarely exceeds 50 V, most 
valves will withstand it without difficulty. 
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With some people this circuit has acquired a bad reputation 
for hum, but the author has used it extensively without any 
difficulty at all, and he considers it the most reliable and 
satisfactory of all the phase-splitting circuits. In one amplifier 
embodying it, the valve has had some 10,000 hours operation 
in the circuit and it still functions without hum. 

It should be pointed out that the grid circuit of the valve is 
of imusually high impedance and so unusually sensitive to 
pick-up from the electric hum-field. The grid leak R7 is 
usually about 2 Mfl, but to any voltage applied between grid 
and earth its value is much more than this. The cathode 
voltage changes are nearly equal to the grid voltage changes, 
both with respect to earth, and only the difference between 
these voltages can drive alternating current through the grid 
leak. The effective value of the grid leak is some 15-20 times 
its actual value, and may well be 30-40 MO. Because of this 
it is possible to make C4 about one-twentieth of the normal 
value without a loss of bass response. If this is done, however, 
the effective impedance between the grid of the valve and 




Fig. ^.6: The circuit (a) represents one of the irrost widely used phase- 
splitters. The arrangement (b), which differs only in the method of obtaining 
grid bias, Is less commonly adopted 
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earth will be very high 
indeed, and the liability 
of the stage to hum pick- 
up will be about twenty 
times as great as that 
of a normal stage. If 
Ci is given a normal 
value, however, the 
impedance at hum fre- 
quencies will be normal, 
and the stage will not 
be unduly sensitive to 
hum pick-up. Never- 
theless, it is well to keep 
the leads between the 
grid and C4 and R7 
very short, and well 
away from any mains 
equipment. 

Another phase-split- 
ting circuit occasionally 
employed is that of Fig. 

23.7. One output is taken 
from the anode of Vi and 
is in opposite phase to 
the input. The voltage 
across the cathode re- 
sistances R3 and R4 is 
applied to the cathode of 
V2 ; this voltage is in the 
same phase as the input 
and produces an output 
at the anode of Vj which is still in the same phase. 

If and Rj are equal, equal outputs demand equal alter- 
nating anode currents, but as the currents are in opposite 
phase, this would mean that there could be no altematmg volt- 
age across Rs and R4. There would then be no input to \s, 
and there could be no output from it. The alternating 
currents in the two valves cannot, therefore, be equal. 

R 

The condition for equal outputs is that 

: t-aa + Rg -where u. and raa are the amplification 

(R* + R4) (I + /^z) 
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factor and a.c. resistance respectively of V2. The current 
unbalance is then (R2 — Ri)/(R2 + Ri). The current un- 
balance should preferably be less than 5 per cent, which means 

R^ = I - I Ri and this in turn means R3 -j- R4 = 

U + ^2) 

Typical values are [^1 ^ 1^2 — 4^1 — 15,000 0 ; 

Ri = 50,000 R2 = 55,000 H; R3 -f R^ = 17,000 D. 

For correct bias, R3 would be about 1,000 making R4 some 
16,000 Cl. 

One disadvantage of this circuit is the high positive cathode 
potential, for the steady anode currents of both valves flow 
through R3 and R4. This particular phase-splitter is usually 
employed to feed an output stage directly, and then a current 
of 2 mA or more per valve is needed. This makes the cathode 
potential 70 V or more above earth. With some valves this 
is an excessive difference of heater- cathode potential, and yet 
the heater must be effectively earthed if hum is to be avoided. 
The difficulty can be got over by using a separate heater winding 
for Yi and V2; it can then be connected to earth through a 
large capacitance and to cathode through a high resistance. 
The heaters are then earthed for a.c., but connected to cathode 
for d.c. This same , method of arranging the heater circuit 
can also be employed with the phase-splitter of Fig. 23.6. It is 
usually unnecessary, however, for as this valve usually precedes 
the penultimate stage it is possible to secure sufficient output 
without an excessive heater-cathode potential difference. 

The next circuit is the paraphase arrangement of Fig. 23.8. 
Again this is usually employed immediately before the output 
stage, and it will be seen to consist of two RC stages in which 
one is fed from the junction of two resistances joining their 
anodes. Its advantage is that some self-balancing action is 
secured. The grid potential of Vo depends on Re and R7, 
but also on the anode potentials of Vj and Vg. If the gain of 
Vg falls for some reason the output of Vg falls, and the current 
through Re and R7 is less. Consequently the voltage drop 
across Re is reduced, and the grid potential of Vg increased. 
This tends to increase the input of Vg, and the result is th%t 
the fall in output of Vg is not equal to the drop in the gain of 
this valve. 

When the two valves are alike and when R4 = R5 and 
Rg = Ro the balance condition is given by 
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where 


^4 Rfi _ 
R 4 + Rg 


R.5 R 9 
Ro Ra 


Topical conditions are /x == xo; r,i = 15,000 H; R3 — 
0*5 MQ; R3 - 1,000 Q; R4 - R- 50,000 O; Ro = 
87,500 LI; Rt ^ 100,000 Ll; Rg = Rr, = 0*25 MCI. 

It will be noted that in all these circuits h.t. decoupling is 
shown. This is essential, because none of them is balanced 
from the viewpoint of the h.t. line, and this is a disadvantage 
of RC push-pull as compared with transformer coupling. As 
an example, imagine the phase-splitter of Fig. 23.6 (^z) con- 
nected in front of the amplifier of Fig. 23.2. A disturbance on 
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the h.t. line — say, a rise of voltage — increases the anode current 
of the phase-splitter. Let the rise of voltage be E and the 
current i. Then if R3 = -f Ro (Fig* 23.6 {a) ) the output 
at the upper terminal is E — fRs and at the lower terminal it 
is ZR3. These two outputs are in the same phase and unequal. 

The grids of and V2 of Fig. 23.2 are thus driven positively 
by unequal amounts, and consequently the grids of V3 and V4 
are driven negatively by unequal amounts. The anode currents 
of V3 and V4 fall and as they both change in the same direction 
they are additive in the h.t. lead. The total anode current of 
the stage thus falls and also the drop across the impedance of 
the h.t. supply system, giving a rise of h.t. voltage. This is 
applied to the phase-splitter and as the original rise of voltage 
has caused a further rise, the action is regenerative. With an 
odd number of stages following the phase-splitter feedback to 
it is degenerative, but with an even number it is regenerative. 

The two sides of a resistance-coupled amplifier, even apart 
from the phase-splitter, operate in parallel as far as feedback 
effects are concerned. Consequently, the advantage of being 
able to use little or no decoupling, which is found with trans- 
former-coupled amplifiers, is absent. 

However, negative feedback caused by the h.t. source 
impedance does not necessarily affect the performance from the 
point of view of the signal. In a single-sided RC amplifier, 
it causes a drop in bass response, but in a push-pull RC 
amplifier it does not, because under linear conditions the two 
sides can operate in push-pull for the signal and in parallel for 
feedback voltages tvithout interaction between the tvv^o. Under 
non-linear conditions feedback is liable to increase amplitude 
distortion somewhat. 

Positive feedback is similarly harmless unless it is sufficient 
to give rise to motor-boating. The valves are then driven 
between current cut-off and grid current alternately and the 
signal path is seriously affected. 

In general, with class A and small class AB output 
stages, it is satisfactory to omit decoupling in the penultimate 
stage, but the stage before that must be heavily decoupled. 
Thus, if Fig. 23.6 (a) precedes Fig. 23.2, the anode circuits of 
Vi and V2 in the latter need not be decoupled, but R4 and Cj 
in the former will have to be about 50,000 Q and 8 ftF respec- 
tively. With “ hea\Tr ’’ class AB and class B stages the penul- 
timate stage should be decoupled also in order to prevent dis- 
tortion arising through harmonics of the signal being fed back. 

Some phase-splitting circuits include* a balancing adjustment. 
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Thus, in Figs. 23.4 and 23.5, Rj and Rg in the former and R3 
and R4 in the latter may be a potentiometer with the output 
taken from the slider. In Fig. 23.6 fa) Ri or R3 may be a 
variable resistance, and in (b) Ri or R2 may be variable. 
Similarly, in Fig, 23.7 R^ or R2 may be variable or they may 
be joined to the ends of a potentiometer, the slider of which is 
connected to h.t., while in Fig, 23.8 Rq and R7 are often a 
potentiometer. 

The adjustment is easily carried out by feeding the amplifier 
from an oscillator, preferably at about 400-1,000 c/s, and 
adjusting the balance control for minimum output in a pair of 
phones connected across a low resistance in the lead to the 
centre-tap on the output transformer primary. As an alter- 
native to this, adjust the input to give a convenient output in 
the loudspeaker and then change the connections of the output 
stage from (a) of Fig. 23,9 to (b); that is, transfer one of the 
** anode connections on the output transformer to the other 
* ‘ anode terminal. The balancing control can then be adjusted 
for minimum output. Ideally this would be zero but in 
practice a trace of the signal may remain, 

If the input is large, it will be found that there is a con- 
siderable output at the balance point but the note is an octave 
higher than the input. This is because the output is the 
second harmonic of the input and, as the valves are not con- 
nected in push-pull, it is not balanced out. When the balance 



Fig. 23 . 9 : The change of connections shown at (b) is often useful when balancing 
a push-pull amplifier 
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point has been determined, the connections to the transformer 
can be replaced to normal. 

A difficulty which occasionally arises with resistance-coupled 
push-pull amplifiers is a lack of balance at very low frequencies, 
usually well below audibility. None of the circuits described 
is completely symmetrical. In Figs. 23.4, 23.5, 23.7 and 23.8 
there is one more RC coupling in one side of tlie chain than 
in the other, and in Fig. 23.6 there is the impedance of the 
decoupling circuit on one side but not on the other. 

By using suitable circuit values the lack of symmetry only 
becomes apparent at very low frequencies and does not affect 
the signal performance. It does sometimes, however, lead to 
motor-boating through feedback to an i.f. or r.f. valve. 
Low-frequency voltages developed across the impedance of the 
h.t. supply can produce motor-boating, which occurs only 
when a signal is tuned-in, by modulating the carrier in an 
r.f. or i.f. valve. Fortunately, it is a rare defect. 

The proper remedy is to decouple the h.t. supply to the 
r.f. and i.f. valves, but this is rarely possible on account of 
the heavy current which they draw. The best course, therefore, 
is to reduce the gain at very low frequencies by reducing the 
values of the coupling capacitors and grid leaks as much as 
possible without appreciably affecting the bass response. 
When this is done the capacitors and grid leaks in each stage 
should be matched as closely as possible. The odd coupling 
(C2, R3 in Fig. 23.4 and similar components in others) should 
be made as large as possible to preserve symmetry. 

Parasitic Oscillation 

None of the circuits illustrated includes grid or anode 
stopping resistances . 1 1 is customary to include such resistances 

in push-pull amplifiers to prevent parasitic oscillation. They 
are rarely needed anywhere but in the output stage, and not 
always there. 

With transformer coupling parasitic oscillation at a low 
radio frequency is theoretically possible with certain trans- 
former characteristics. For it to occur it is necessary for the 
leakage inductances of the transformers and the various stray 
capacitances to be correctly related, so that they form tuned grid 
and toned anode circuits with fairly close resonance frequencies. 
If this occurs, the use of a grid stopper of some 0*1 MO for each 
output valve would be an effective cure, but the author has 
never met a case. 
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Parasitic oscillation is usually at a very high radio frequency 
and can occur with either transformer or resistance coupling. 
The valve and wiring capacitances and inductances form resonant 
circuits and turn the stage into an u-s.w. oscillator. The best 
cure is to make the connections so short that at least one of 
the circuits is resonant at a frequency above any at which the 
valves will oscillate, and to make the frequencies of the others 
very widely different. 

This is not usually difficult, for it is generally easy to lay out 
the apparatus so that all leads on the grid side of the output 
stage are very short, and it often happens that the leads to the 
output transformer are fairly long. 

The second method of attack lies in damping the resonant 
circuit by means of grid and anode stopping resistances. To 
be effective they must be mounted directly on the valveholder 
with very short leads. If care is taken in the wiring, as 
described above, and a 50- O stopper is connected in each anode 
lead, trouble is very unlilcely. If parasitic oscillation is found 
in spite of these precautions, try 10,000 Q grid stoppers as w'ell. 

With pentode output valves the screen circuits are equally or 
more important, and 50- O stoppers should normally be con- 
nected in the screen leads. The difficulties of parasitic oscilla- 
tion are often greatly exaggerated, however, and if the layout 
is good, most amplifiers will work well without stopping 
resistances. The author usually includes them as a precaution 
rather than of necessity. 

The symptoms of parasitic oscillation are distortion and low 
output. The anode currents wdll be markedly different from 
the correct ones in most cases. With transformer coupling the 
currents may be very high, and if the oscillation is allowed to 
persist the valves will have only a short life. With resistance 
coupling the currents are likely to be abnormally low. The 
effect on valve life may still be bad, however, for there will be 
grid current and some output valves are not built to withstand 
appreciable grid current. 
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NEGATIVE FEEDBACK 

T he presence or absence of deliberate negative feedback 
in an a.f. amplifier makes very little difference in fault- 
finding and troubles in the feedback circuit itself are 
confined almost entirely to such simple things as faulty resistors. 
Its use is becoming common in the better broadcast sets, and 
in a few cases it is bound up with tone-control systems, so that 
it may be as well to describe some of the principal methods 
adopted. 

There are two kinds of negative feedback — current and 
voltage. The former occurs when the voltage fed back to the 
input is proportional to the output current and the latter when 
it is proportional to the output voltage. Current feedback 
increases the apparent output resistance of a stage, while voltage 
feedback reduces it. 

There is only one kind of current feedback in common use 
and this is the feedback obtained from an unbypassed cathode- 
bias resistance. The omission of the capacitor reduces the 

stage gain by the factor i/ where Rk is the 

cathode resistance, fx and ra are the amplification factor and 
a.c. resistance of the valve, and Z is the anode circuit coupling 
impedance. Where ra is very large compared with Z, as in 
pentode stages, the factor reduces approximately to i/(i + gRk) 
where g is the mutual conductance of the valve acting as a triode 
with screen and anode strapped ; it is usually about 20 per cent 
greater than ordinary mutual conductance. This assumes that 
the screen grid is not decoupled to cathode. 

The great advantage of the feedback is that it improves the 
linearity of a stage and so reduces amplitude distortion. Dis- 
tortion is usually quite low in early a.f. stages, however, and 
feedback within such stages is rarely needed to reduce it. In 
general, current feedback is incidental to other requirements. 
For instance, in one very common circuit to be described later 
the feedback is over two stages, and is applied to the cathode 
of the first. This necessitates the cathode resistance of the 
first stage being unbypassed, and so there is incidental current 
feedback from it. 

If the gain of an a.f. amplifier is too great, but not so great 
that a stage can be oniitted, one or more bias resistors in the 
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early stages are sometimes left without b\pass capacitors. The 
current feedback reduces the gain, the linearity is improved 
to some extent, and the capacitors are saved. 

Heavy current feedback occurs in the push-pull phase- 
splitting circuit of Fig. 23.6, and makes the stage extremely 
linear. The feedback is so great that the voltage amplification 
between the input and either of the two outputs is a little less 
than unity. 

In all these circuits the increase of apparent output resistance 
resulting from the feedback is unimportant. This is not the 
case in the output stage. Here it is desirable to have a very 
low output resistance in order to reduce distortion in the out- 
put transformer. The use of current feedback at this point, 
although it may reduce valve distortion, tends to increase trans- 
former distortion. The bias resistance of the output stage, 
therefore, should always be shunted by a large capacitance, 
except when using push-pull or one of the circuits with which 
grid decoupling is permissible. 
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Negative voltage feedback reduces the stage gain and improves 
the linearity just as much as current feedback, but it reduces 
the apparent output resistance of a stage. It is, therefore, 
almost invariably employed in the output stage. 

The voltage to he fed back is taken from one of two places — 
the anode of the output valve or the output transformer 
secondary’. The latter alternative is adopted wherever possible 
and for nvo reasons; no isolating capacitor is necessary in 
the feedback path and the effect on output impedance of the 
transformer winding resistances is reduced by the feedback. 
This is shown in Fig. 24.1 ; the usual connections for feedback 
from the valve anode are shown at (<2) and an isolating capacitor 
C is needed to keep the h.t. from the feedback circuits. This is 
an additional component, and is disadvantageous because it 
introduces some phase-shift at low frequencies. The 
resistances and >*2 represent the transformer primary and 
secondary winding resistances. From the point of view of the 
transformer the effective resistance across its primary is ra + rj 
without feedback, and ra/k -f with feedback. 

With feedback from the secondary as in (&), however, the 
effective resistance is (ra -f ri)/Jk, If the transformer resistance 
is low, say under 200 and a moderate output resistance of 
perhaps 1,500 Q is required, the difference between the two 

circuits is small. On the 
other hand, if the trans- 
former resistance is at all 
large, and especially if a 
low effective resistance is 
needed, the difference can 
be quite big. Thus, 
suppose that the trans- 
former resistance is 
400 Q and the effective 
resistance across the 
transformer primary is 
required to be 700 Q, 
then with circuit (a) it is 
necessary to reduce 
by feedback the valve 
resistance to 300 H only. 
With circuit (6), however, 
it is the valve resistance 
plus 400 £1 which must 
be reduced to 700 £i ; 
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400 Q is still negligible 
compared with the valve 
resistance, so that 
virtually the valve re- 
sistance must be 
brought down to 700 D 
instead of to 300 £1, 
Less feedback will be 
needed, and the gain 
will be greater. In 
this case, for the same 
effective resistance on 
the transformer the gain 
will be 7/3 times as 
great with circuit (6) as 
with circuit (a ) . 

When feedback takes 
place over the output 
stage alone, it is often 
necessary to feed back 
from the valve anode 
because the voltage on 
the transformer second- 



ary is not as a rule sufficient. The usual circuit for a transformer- 
coupled stage is shown in Fig. 24.2; the voltage amplification 
measured between the input transformer secondary and the 
output transformer primary is A/(i -f A^) where A is the 
amplification without feedback and ^ is the feedback factor. 
In this case, jS = R2/(Ri -r Ro) at frequencies for which the 
reactance of C is negligible. The output resistance Ro == 

rJii + 

As an example, take a pentode with =6 mA/w and an a.c. 
resistance of 60,000 £1, Suppose that the load is 10,000 Q, 
and that an output resistance of 1,000 £1 is required. Then 
= 59, and as ja == 360, ^ = 0*164. The amplification 
without feedback is 51*5 times, and with feedback it is 5*45 
times. Feedback has reduced the output resistance to one- 
sixtieth of its normal value and the amplification to a little less 


than one-ninth. 


For this amount of feedback Ri is 5*1 times R^, so that m 
practice, one would make R2 about 30,000 £1 and Ri some 
150,000 £ 1 . A capacitance C of o*2“0*s /xF would be satis- 
factory. 

A pentode of this type would normally need an input of 
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perhaps lo V peak; with feedback the voltage on the trans- 
former secondary will be 51 V peak. This must be supplied 
without distortion by the preceding valve. With transformer 
coupling, there is unlikely to be any difficulty in this, but the 
fact well illustrates a point which must be carefully watched in 
feedback circuits. Feedback reduces distortion in the circuits 
over which it is applied, but those circuits require a correspond- 
ingly larger input. The preceding circuits, therefore, must be 
designed to supply this larger voltage without distortion. If 
they are not, it is quite possible for the net effect of applying 
feedback to be to increase distortion. 

When resistance coupling is used the circuit of Fig. 24.3 is 
sometimes adopted and has the great merit of simplicity. The 
preceding valve is shown because the amount of feedback is 
affected in some degree by its a.c. resistance. In general, this 
penultimate valve must be a pentode, because the effect of 
feedback in this case is to make the apparent input resistance 
of the output stage very low. The load into which Vi works 
is quite small, therefore, and this is a bad condition for a triode 
but a good one for a pentode. With any large amount of feed- 
back serious difficulty will be found in obtaining sufficient un- 
distorted output from Vi to drive the output stage. The circuit 
is normally only useful when small amounts of feedback are 
wanted and it is not often used. 

The most widely used of all feedback circuits is that of 
Fig. 24.4. It is a conventional two-stage amplifier with the by- 
pass capacitor omitted from the bias resistance in the first 
stage, with one side of the output transformer secondary earthed, 
and the other side connected to the cathode of through R3. 
If R3 is disconnected from the transformer and connected across 
R2 the overall voltage amplification is AiAg, where Ai is the 
amplification of the first stage measured between its grid and 
anode and A2 is the gain of the second stage similarly measured. 
There is internal current feedback in Vi from the cathode 
resistance comprising R2 and R3 in parallel. The gain Ai is 
measured or calculated taking this into account. 

When Rais connected to the transformer secondary" as shown, 
the voltage amplification becomes AiA2/(i + A^A^nP) where 
jS = R2/(R3 + R2) and n is the ratio of secondary/primary 
turns on the transformer. If the normal output resistance is 
ra, the a.c. resistance of the output valve, with feedback it 
becomes Rq = ra/(i + Ai/xwjS). 

As an example, take the same pentode as before and assume 
that Ai = 20 and that n = 1/40. Since ra is 60,000 Q, /x is 
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360 Ro is required to be 1,000 Q, a simple sum shows 
that p IS 0-327. The amplification Aa is 51-5; therefore, the 
overall amplification with feedback is 109-4 times. With the 
voltage feedback removed it would be 1,030 times. 

. 'I'he values of Ra and R3 are chosen to fit two requirements 
simultaneously ; they must be in the correct ratio to give the 
required value of ^ and their value in parallel must equal the 
bias resistance needed by \ If Rj, is this required value of 
bias resistance, then R3 = Rk,/? and Rg = R3/(i/^ - i). 
Continuing the above example, suppose R^ is 2,000 Oj then 
R3 must be 6,000 Cl and Rg is 3,000 Cl, in round figures, 

"valve Vj is often a pentode. When it is, its screen 
should be decoupled to cathode and not to earth, otherwise it 
will function as a pentode for the input voltage but a triode for 
the fed-back voltage. The action is complex and not readilv 
amenable to calculation. 

The frequency response of an amplifier such as that of 
Fig, 24.4 can readily be modified by including reactances in the 
feedback circuit. Thus if a capacitor is connected in series with 
R3 its reactance will increase at low frequencies and reduce the 
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feedback; consequently the amplification will increase. An in- 
ductance in series with Rg will give a rising treble characteristic, 

A capacitor in shunt vcith Rg will reduce its impedance at 
high frequencies and increase feedback, giving a falling treble 
characteristic. Similar^ an inductance in shunt with it wdll 
give a falling bass response. 

Artifices of this nature are sometimes adopted, but they should 
not be used haphazardly, because the changes of gain which 
they cause are reflected in changes in the output impedance of 
the amplifier. There is always the possibility of some un- 
desirable effects being caused thereby. 

In all the circuits sho\%m the output valve has been a pentode. 
This is because negative feedback is most needed with pentodes 
owing to their high a.c. resistances. There is no reason why 
it should not be used with a triode output valve if an exception- 
ally low output resistance is required, but it is not usually 
necessary. 

Roughly speaking, negative feedback with a pentode turns 
it into the equivalent of a triode as far as amplification, output 
resistance and linearity are concerned. It may be said, there- 
fore, w^hy not use a triode in the first place ? The ans\ver is 
that the pentode does give certain advantages ; in the first place, 
when feedback is over tw’o stages, the penultimate stage has to 
give a smaller voltage output and there is less risk of distortion 
at this point, and in the second place the pentode has a higher 
power efficiency. This means that it takes less power from the 
h.t. supply for a given output power. 

This comparison is bettveen an indirectly-heated pentode and 
a directly-heated triode. If the triode is indirectly heated also, 
as it w’ould have to be for an a.c./d.c. set, the pentode scores 
much more heavily. Indirectly-heated triodes are not nearly as 
good as directly-heated types for output valves, and the triode 
requires three to five times the grid bias of a pentode. In an 
a.c./d.c, set the bias voltage is obtained at the expense of the 
anode voltage, for the h.t. voltage is fixed. A triode would 
therefore give a much smaller output than a pentode. 

To sum up, in a.c./d.c. sets a pentode output valve with 
negative feedback is greatly superior to a triode. In a.c. sets, 
where there is little or no limitation on the h.t. supply there 
is very little to choose. The pentode with negative feedback 
is slightly more efficient and has certain slight theoretical 
advantages, but the triode circuit is unquestionably simpler. 
With big a.c.-operated output stages, however, the power 
efficiency becomes important and then the pentode with 

248 



NEGATIVE FEEDBACK 


negative feedback is usually to be preferred. Such stages are 
usually push-pull, however, and usually class AB. 

When the lowest distortion without regard to cost is needed 
a multi-stage RC push-pull amplifier with triode output valves 
is often used and provided with negative feedback over several 
stages. The feedback must be over several stages because the 
individual stage gains are lo^v and it is not possible to obtain 
sufficient feedback over one or t\vo stages only and at the same 
time to keep the input voltage low enough for distortion in the 
preceding stage to be negligible. 

Serious difficulties often arise when feedback is applied over 
more than two stages. At some very high and very low fre- 
quencies the phase shift in the amplifier, due to the intervalve 
couplings, reaches 180“^. If at either frequency the product of 
the amplifier gain and the feedback circuit attenuation exceeds 
unity the amplifier will oscillate. 

The design of amplifiers of this kind is quite a difficult matter 
and quite small changes to a design may affect the stability 
very greatly. The output transformer, in particular, is very 
important and quite a small difference from the specified 
characteristics may cause serious instability. 

It is the frequency and phase characteristics of the complete 
amplifier at frequencies well above and below the range of 
frequencies which the amplifier is intended to handle that 
matter. A favourite design trick is to give one stage a frequency 
response either much wider or much narrower than that of the 
others. Another is to place the series combination of a resistor 
and a capacitor across one or more of the inteivalve coupling. 
With suitable values, this can introduce sufficient phase shift 
at a high frequency to stabilize an amplifier. 

When dealing with an unstable amplifier having feedback 
applied over several stages it is necessary to be particularly 
accurate in checking component values, for changes which 
would otherwise have only a small effect, may here have a 
large one. 
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MISCELLANEOUS DEFECTS AND ADJUSTMENTS 

T he chief defects encountered in wireless receivers, and 
the methods which are best adopted for tracing them, have 
been described in detail in the preceding chapters. By 
following the procedure laid down, the location of many faults 
becomes almost an automatic process. More obscure troubles, 
of course, may fail to submit to straightforward testing, but in 
the majority of cases little difficulty will be found in devising 
suitable tests and drawing the correct deductions from their 
results. There is, however, a number of faults which, although 
essentially simple in origin, prove puzzling to the tester, and 
before concluding it is felt that a few remark on defects of this 
nature may prove helpful. 

One of the simplest circuit arrangements is capable of pro- 
viding symptoms which can be quite puzzling until one has 
learnt to recognize them. Small straight sets are usually fitted 
with reaction in order to obtain adequate sensitivity and selec- 
tivity, and it sometimes happens Aat although the receiver 
functions well on the medium waveband reaction fails to work 
properly on the long waveband, or only functions over a portion 
of the band. The disconcerting feature of this defect is that it 
is quite possible to make the detector oscillate by increasing 
the setting of the reaction control, but it fails to have any 
appreciable effect on sensitivity and the characteristic whistle is 
often absent when tuning through a station. 

The trouble is only that the valve is oscillating at a frequency 
determined by the constants of the anode circuit instead of the 
grid circuit. It usually occurs with circuits similar to Fig. 25.1, 
when a single reaction coil does duty for both wavebands and 
only the tuning coil in the grid circuit of the valve is switched. 
On the long waveband, the reaction circuit sometimes takes 
control and an increase in reaction has no effect on the signals 
to w'hich the grid circuit is tuned. When the reaction capacitor 
is advanced sufficiently, oscillation commences, usually with a 
plop, but at a frequency determined by the reaction circuit. 
A further advance in the setting of the control may cause the 
oscillation to change over to the correct frequency of the grid 
circuit, and the normal heterodyne whisties will then be 
obtained. 

The remedy for this state of affairs is usually very simple and 
consists of nothing more than the insertion of a resistance in 
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series with the reaction coil, so that the reaction circuit is 
heavily damped and oscillation at any frequency determined by 
it is prevented. This resistance is shown at R in Fig. 25.1 and 
its value should be as high as possible consistent with proper 
reaction effects being obtained throughout the tuning range of 
the receiver. 

It will generally be found that a resistance of 500 Cl will 
prove satisfacto^, but in some cases it will have to be lower 
in order to obtain proper reaction effects, and in others it must 
be higher to prevent oscillation at the wTong frequency. 

Apart from push-pull stages, balancing operations are not 
often required nowadays. Occasionally, however, neutralized 
r.f. amplifiers are met with in old receivers, and are likely to 
require rebalancing, particularly if new valves are fitted. When 
only one r.f. stage is used, it is possible to adjust the neutraliz- 
ing merely by setting the neutralizing capacitor to the point at 
which stability is maintained throughout the tuning range. 

A more refined procedure is necessary when the amplifier 
includes more than a single stage, however, and is really advis- 
able even when there is only one valve. The test oscillator 
should be set to about 1,200 kc/s and its output connected to 
the grid circuit of the stage preceding the one to be adjusted. 
The neutralizing capacitor should be set at minimum and the 



Fig. 25.1 : This diagram shows a typical reaction circuit 
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positive l.t. lead to the valve concerned disconnected (in the 
case of indirectly-heated valves, one of the heater leads). The 
signal from the test oscillator should then be accurately tuned 
in, and it will be found that sufficient energy will be passed by 
the valve capacitance for this to be readily done in spite of the 
valve being inoperative. 

The neutralizing capacitor should then be adjusted for 
minimum output, and this setting should be clearly defined. 
The filament or heater connections can then be replaced, and 
the stage should be found to give definite amplification and be 
quite stable. 

The output of the oscillator can then be transferred to the 
preceding stage and the next earlier valve in the chain neutralized 
in the same way, the oscillator being finally connected to the 
aerial and earth terminals while the first r.f. stage is adjusted. 
The most widely used neutralized receivers were fitted with 
only a single r.f. stage and there should be little difficulty with 
any of these. 

Tw^o-r.f. sets w^ere used fairly widely at one time, however, 
and sets with as many as five r.f. stages have been produced 
commercially. The difficulties of neutralization are, of course, 
much greater with these, and it may be remarked that in some 
cases better neutralization is secured wffien small resistances are 
inserted in series with the neutralizing capacitors. It should 
also be remembered that such circuits are often rather prone 
to parasitic oscillation, particularly those types embodying 
tapped tuned circuits. 

Provision is made in most receivers for the connection of a 
gramophone pick-up, but this is usually no more than a switch 
which enables the pick-up terminals to be connected to the 
a.f. volume control in place of the detector output. Apart 
from a bad contact in the switch, therefore, there is nothing in 
the average receiver which is likely to prove faulty on gramo- 
phone but which does not show up also on radio. 


Gramophone Pick-up 

The pick-up itself, however, can develop faults which vary 
with the type of pick-up. Apart from such obvious defects as 
open-circuits in the windings and leads, which are readily found 
with M ohmmeter, the usual faults are mechanical rather than 
electrical. In most cases, the needle-holder and armature are 
mounted in rubber supports; in the course of time the rubber 
perishes, and the armature chatters against the pole pieces. 
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When the rubber is badly perished, the armature may be found 
adhering to one of the pole pieces. 

The remedy is, of course, to fit new rubber suspension, and 
it is not difficult to do this in most cases if a little ingenuity is 
exercised. It is necessary, however, to be careful to make the 
suspension free enough. The suspension should be as free as 
possible consistent with the needless being able to support the 
pick-up head on the record without bringing the armature into 
contact with the pole pieces. Excessive stifeess means record 
wear and, probably, resonance within the audible range. 

The same principles of avoiding stiffness in the needle 
mounting apply to other types of pick-up, such as the piezo- 
electric, but here, of course, there is no question of an armature 
and pole pieces. The needle-holder is linked to the crystal so 
that its movement stresses the crystal and it produces an output 
voltage by virtue of its piezo-electric property. Apart from 
the rubber bushing of the needle-holder, the most likely defects 
are in the mechanical linkage to the crystal and in the crystal 
itself. The latter usually means a new crystal. 

It should be pointed out that it is of no use testing a crystal 
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pick-up for continuity, for the crystal is of infinite d.c* resis- 
tance. One should, however, check the leads. 

The tone arm itself should not be overlooked, for it can be 
responsible for low-frequency resonances, chatter, and heavy 
record wear. Special points to watch are joints and swivels. 
Some tone arms have a rotatable head for easy needle changing. 
This joint should be stiff to turn and when in the playing 
position free from any trace of wobble. 

All tone arms have joints of some kind which enable the head 
to move both vertically and horizontally. Usually they are both 
placed together at the pick-up mounting, but sometimes there 
is only a rotating joint permitting horizontal movement at this 
point, and the vertical movement is provided by a joint where 
the pick-up head is attached to the tone arm. 

Whatever the precise arrangement, the joints must be free 
from any looseness, but at the same time they must be com- 
pletely free. Any appreciable friction will cause record wear. 

Some pick-ups are designed to have a steadily rising frequency 
characteristic below about 500 c/s. This is done in order to 
correct for the falling characteristic used in recording. Such a 
pick-up characteristic is not an unmixed blessing, however, 
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Fig, 25.4 ; Tone-control circuit using resistances and capacitances only 


for it is often achieved by the suitable placing of a bass resonance, 
and this usually means increased record wear. Often, too, the 
increasing bass is accompanied by non-linearity. 

With the better quality pick-ups, therefore, a flat charac- 
teristic is aimed at, and it is then necessary to provide bass 
compensation in the amplifier. This is quite easily done and a 
first-stage a.f. amplifier like that shown in Fig. 25.2 is very 
satisfactory. The voltage amplification is about 3-8 times at 
medium and high frequencies, and rises steadily below some 
500 c/s. 

A very good tone control stage can be built on these lines 
by providing a switch to change the value of Ci. Smaller 
capacitances than that shovm will make the bass rise begm 
at higher frequencies, and larger capacitances will make it 
start at lower frequencies. Replacing the capacitance by 
an inductance will give a flat bass, but rising treble 
characteristic; inductance values of 0-5-1 *5 H are suitable. 
Capacitance and inductance in series will make the response rise 
at both bass and treble. 

Bass-cut is easily arranged by providing a switch to reduce 
C2, and treble-cut with another switch to shunt capacitance 
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across the coupling. The switches can be linked to give two 
controls providing independent bass and treble tone controls 
which have a negligible effect upon the gain. The arrangement 
is shown in Fig. 25.3 and five different degrees of bass response 
are obtainable in any combination with five different degrees of 
treble response. Twenty-five different frequency charac- 
teristics are provided, therefore. 

The only fault of this circuit is the liability of the choke to 
pick up mains hum if it is not carefully placed. An alternative 
method of obtaining treble boost which is often preferable 
is to shunt the 50,000- resistor with capacitance. This also 
simplifies the switching slightly. The new arrangement is 
shown in Fig. 35.4 wdth a pentode valve such as the EF50 in 
place of the triode. The overall gain is about the same — 
3 ‘5 times. The stage will handle an input of about i V peak 
only, so it should be used early in an amplifier. 
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CHAPTER 26 
TELEVISfON RECEIVERS 

I T is not intended in this chapter to deal in any but the most 
elenaentary way with the problems of television receiver 
servicing. The subject is far too big a one to treat in a small 
space and it demands a book to itself. It is not, however, a 
subject in itself and is really only an extension of wireless 
servicing. 

In the author’s opinion television servicing demands a 
thorough knowledge of the theory and practice of wireless 
servicing and his aim in this chapter is to provide an intro- 
duction to the subject. No new principles are involved in 
television servicing but it is undoubtedlv considerably more 
difficult. 

There are a good many reasons for this. An obvious one is 
that as a television set contains many more valves and com- 
ponents than an ordinary wireless set it is much more trouble- 
some to locate a defective part. Another reason is that as 
much higher voltages are used, insulation problems of an 
unfamiliar kind arise. Then, time-base and synchronizing 
circuits, although necessarily functioning in accordance with 
the basic laws of electricity, are very different from anything 
encountered elsewhere. Lastly, and in some ways perhaps 
most important, a much higher degree of circuit precision is 
needed. Television has to satisfy the eye, not merely the ear, 
and the eye is so much more critical that deficiencies of per- 
formance that would be negligible in a sound receiver become 
glaring faults in a television picture. 

Although modem television receivers are very far from being 
standardized there is a distinct family likeness betw’-een them 
all. Electromagnetic deflection is used and the cathode-ray 
tubes range from 9 in to 1 6 in in diameter with 12 in being about 
the most popular. The tube is operated at from 4 kV to 9 kV, 
but 6 kV is about the most usual figure. Focus is obtained with 
the aid of a permanent magnet in many sets, but the electro- 
magnet is still widely used. 

The scanning circuits usually have ttro valves each, a voltage 
saw-tooth generator and an output valve, but quite wide 
variations are found in individual sets. Synchronizing 
commonly requires a pentode and a double-diode, but here 
again different sets vary considerably. 

The receiver proper is the part nearest to an ordinary wireless 
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set, but it is not very much like it for the higher operating 
frequency and the need for a bandwidth of 3 Mc/s or so in the 
vision channel bring many differences. Then, as there are 
both sound and vision channels, there are virtually two receivers 
in a television set, but since two stages are often common to 
both channels they cannot be completely separated. 

Until recently there were signs that the r.f. sides of television 
sets were likely to find some degree of standardization. There 
was a distinct tendency to use a straight receiver with four r.f. 
stages for the vision channel, a diode detector and one vision- 
frequency stage. The sound signal was fed out of the second 
r.f. stage to the sound channel, comprising one or two r.f. 
stages, detector and pentode output valve. 

The opening of the Midland television station and the plan 
for further stations is likely to alter matters and it seems probable 
that the superheterodyne w^ill find more favour with designers 
than it has done in the past. Not that the superheterodyne 
has been unused ; it has not, and there have always been a good 
many television sets embodying it* 

The power supply for television sets was at one time always 
taken from the so-c/s mains through transformers, separate 
rectifiers being used to provide one supply of around 350 V 
at up to 250 mA for the receivers and time-bases and another 
of 4“6 kV for the c.r. tube. In more modem sets it is usual to 
derive the e.h.t. supply for the tube from the high-voltage 
pulse which is developed in the line time-base. A transformer 
and rectifier is still used for the low-voltage supply in some 
sets, but in many the transformer has been abandoned. In 
its place, a.c./d.c. technique is adopted with the usual series- 
connected valve heaters and a half-wave rectifier for h.t. 

As in all fault-finding the first step in television servicing is 
to observe the symptoms and from them to deduce in which 
of the half-dozen or so broad sections of the equipment the 
fault lies. Each of these sections is in itself probably no more 
complicated than a broadcast receiver, and further tests applied 
to it will localize the faulty stage ; it is then but one more step 
to find the defective part itself. 

Before going into this in any detail, a word of warning is 
necessary. Very high voltages occur in television apparatus 
and are not coiifined to the e.h.t. supply for the tube. The 
anode of the line-scan output valve wUl have pulses of up to 
4 kV on it, the line deflector coils will have pulses of up to i kV 
across them, and even the frame-scan output valve may have 
pulses of 500 V or so on its anode. 
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The circuits are all of high impedance and cannot deliver 
much current so that there is little danger to life through an 
accidental contact with them, but it is distinctly unpleasant. 
Even the e.h.t. supply of the tube is hardly dangerous whe?t it 
is derived from the line fly-back. Its internal impedance is high 
and the reservoir capacitance is small — only about 500 pF. 

This is by no means the case when e.h.t. is taken from 50 c/s 
mains through a rectifier and transformer, however. Even if 
the supply is designed to have a high internal resistance in 
order to limit the short-circuit current, the reservoir capacitor 
of some o-i flF can store a dangerous amount of energy. 
Accidental contact with the terminals of such a capacitor 
charged to 6 kV or so is definitely dangerous. This is possible 
even if the set is switched off and has not been used for some 
time. A bleeder is usually connected across the e.h.t. supply 
in order to ensure that all capacitors discharge. This is a 
necessa^ safety measure but not one upon which it is wise to 
rely entirely. A fault might well develop in the bleeder. 

It is a good w'orking rule to take no chances at all with 
50-c/s e.h.t. supplies. Have a resistor of 100 kQ or so mounted 
on a long insulating handle and place it across the terminals of 
each high-voltage capacitor in turn before working on the set. 
Hold it across for 15 sec or so. Then, just in case, put a 
definite short-circuit on each capacitor, as with a screwdriver 
blade. 

A charged capacitor should, of course, never be deliberately 
short-circuited, for it v^dll probably destroy the component, 
but it is better to do this than to suffer a dangerous shock. 
Some people consider it wise to go further and keep all h.v 
capacitors short-circuited while working on the set to guard 
against the danger which would arise if the set were switched 
on accidentally. However, if one forgets to remove the short- 
circuits before switching on, serious damage to the transformer 
and rectifier are likely. 

It should be emphasized that these precautions are un- 
necessary with e.h.t. supplies derived from the line fly-back, 
which means with most modern receivers. 

It is usually possible to determine in which of the main 
sections of the receiver a fault lies quite easily. If only a 
horizontal line appears on the screen, for instance, the frame 
scan has failed and the fault lies in the frame time-base or frame 
deflector coils. If there is only a vertical line, then it lies in the 
line time-base or line deflector coils. However, this fault is 
very rare in a set with fly-back e.h.t. and would occur only if 
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there were a short-circuit across the deflector coils. Other 
time-base defects would remove the e.h.t. and tne screen would 
be blank. 

When a blank screen is found the first thing to do is to check 
the e.h.t. supply. An electrostatic voltmeter is useful for 
this, but a rough check can be obtained with an ordinary 
1,000 fl/V voltmeter or o-i milliammeter by connecting a 
string of resistors totalling 50 MO in series wdth it. At least 
ten resistors should be used in order to keep the voltage per 
resistor reasonably low. With a 5-kV supply a reading of about 
one-tenth full scale will be obtained. Such a meter will not 
give an accurate measurement of voltage, but it will certainly 
indicate the presence or absence of voltage on the tube and 
this is often aU that one w^ants to know. 

If the voltage is on the tube, it can be taken that the line 
time-base is functioning and the most probable cause of the 
blank screen is a fault in the tube itself, its heater supply, its 
first-anode voltage supply, if any, or in the cathode circuit or 
grid bias supply. Do not go poking around the tube cathode 
with the set switched on in such circumstances, for if the 
cathode lead is open, the cathode could be very live indeed ! 

More usual faults are imperfect linearity in the scanning. In 
the frame scan the bottom part of the picture may be cramped, 
in which case a faulty resistor or capacitor in the frame linearity 
circuit is likely. The top of the picture may fold over and have 
a horizontal bright line across the top, and then a faulty frame 
deflector coil or output transformer are very probable causes. 

In the line scan the symptoms of non-linearity are usually 
most evident on the left-hand side of the picture, and often 
show as one or more vertical bright lines. One bright line on 
the extreme edge, usually with some folding over of the picture, 
is usually a sign of excessive damping of the deflector coil 
circuit, but it may also occur through over-driving the line 
output valve. A low value damping resistor and/or a faulty 
damping capacitor should be suspected. 

Several vertical bright lines displaced somewhat to the right 
of the left-hand edge usually indicate insufficient damping, and 
open-circuit components in the damping circuit should be 
suspected or a faulty damping diode, if one is used. A single 
vertical bright line displaced inwards from the edge, however, 
may mean no more than an overdriven output stage. 

In the case of the synchronizing circuits it is similarly possible 
to deduce the rough location of a defect from the symptoms. 
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Thus the cause of faulty frame hold, with which the picture 
moves steadily or intermittently in a vertical direction, lies in 
the frame separator circuits. Probably a faulty diode is the 
cause. On the other hand complete loss of synchronism in 
both directions is almost certainly due to a failure in the main 
separator, which is common to both time-bases. 

A fault in line synchronism only, especially if it is erratic and 
is evident on part of the picture only, is likely also to lie in the 
main separator. Probably a change of resistance or deteriora- 
tion in the valve has resulted in a weakening of the sync pulses. 
The tolerance may well be greater on the frame than on the 
line circuit and because the frame appears to be unaffected it is 
not safe to conclude that the main separator is free from blame. 

Another synchronizing defect is pulling on whites. Where a 
white object occurs on the extreme right of the picture the lines 
are displaced slightly. This normally occurs w^hen the high- 
frequency response prior to the main s\mc separator is in- 
adequate. This might be caused by a series grid resistor to this 
stage having increased in value. 

The effects of inadequate separation of the pulses and picture 
signal are very similar, however, and here a faulty separator 
valve or incorrect operating voltages on it are the probable 
causes. 

A failure to obtain interlacing is a common fault. In many 
sets proper interlacing demands a very critical setting of the 
frame-hold control. The greatest enemy of good interlacing 
is stray coupling to the line time-base. In some parts of the 
frame time-base a pick-up of less than i V of line-frequency 
pulse will upset the interlace. In some parts of the line 
time-base there may be pulses of 6 kV. Stray couplings must 
thus be so small that they attenuate by at least 70 db if trouble 
is not to be experienced. This is not easy to obtain and quite 
small changes in the wiring and the contact resistance between 
the joints of screens may seriously affect it. 

In all fault finding on time-bases the c.r. oscilloscope is an 
invaluable tool. It is not impossible to do without it but it is 
not economic to do so, for other methods take so much longer. 
An elaborate oscilloscope is not necessary for fault-finding, as 
distinct from design, for accurate measurement i$ rarely 
needed. The essential requirements are a linear time-base and 
only two frequencies are normally needed^ 50/3 c/s and 
10,125/3 c/s, so that three cycles of the frame or line waveforms 
can be seen. It is usually desirable to show three cycles 
because the first and third may be mutilated by the oscilloscope 
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fly-back. The second cycle is the one used with a 1/3 operating 
frequency and the time-base amplitude should be sufficient for 
this to occupy most of the screen. 

A signal amplifier is not ahvays necessary because many of 
the voltages in the television time-bases are large. If it is 
used, however, it must be very good. For use at frame fre- 
quency it should preferably be direct-coupled; for line 
frequency its response must extend to at least 100 kc/s and 
preferably to 500 kc/s. Its gain control must not appreciably 
affect the response. The undistorted output of the amplifier 
must be sufficient to fill the screen of the tube. 

It is very desirable to have a buffer stage between the signal 
and the oscilloscope time-base. If an attempt is made to 
synchronize w'ithout it trouble is usually experienced. The 
“ backwash from the oscilloscope time-base may distort the 
trace on the tube. More serious still, it may upset the operation 
of the television time-base. 

Many commercial oscilloscopes are unnecessarily elaborate 
for television servicing. They are general-purpose instruments 
and intended primarily for laboratory use; they are usually 
expensive, heavy and bulky. Others are relatively inexpensive, 
but are again often still general-purpose instruments ; they do 
much more than is necessary for television servicing, and some 
of it they do not do well enough. 

After this digression, we must revert to the television receiver. 
It is necessary to distinguish carefully between two entirely 
different causes of poor definition. One lies in the receiver 
circuits and is a distortion of the signal waveform. The other 
lies in the c.r. tube and its focusing and deflecting circuits. 
With a little experience it is not hard to tell which is operative. 
If the receiver is at fault the horizontal definition only will be 
poor and it will be possible to focus the scanning lines them- 
selves quite sharply. On the other hand, if the receiver is 
correct and the trouble lies in the focus of the tube the lines 
themselves may be blurred. 

However, the fact that the lines can be focused sharply is not 
proof that all is in order here. If there is appreciable 
astigmatism the scanning spot may not be round but may be 
elongated. It is then possible to get a moderately good focus 
in one direction but not in the other. A sure test for this is to 
check the settings of the focus control for optimum focus of the 
scanning lines on the one hand and for optimum sharpness of 
vertical bars in the test pattern on the other. If there is 
appreciable difference between the two there is astigmatism. 
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The amount of astigmatism depends on the design of the 
focus magnet and deflector coils, the c.r. tube and its operating 
voltage and upon the adjustments. In the middle of the screen 
the deflector coils have no effect because they are carrying no 
current. At the edges of the screen they have maximum effect 
because the current in them is there a maximum. 

When an electromagnet is used for focusing the only faults 
which can develop in a receiver to increase astigmatism are in 
the tube itself or in the positioning of the magnet, for a change 
in tube voltage sufficient to affect this would be more noticed 
on other grounds. Theoretically, it is necessar\’ for the un- 
deflected beam to pass through the centre of the focus magnet 
and for the axes of beam and magnet to coincide. In practice, 
the electron gun may not be perfectly aligned and if the magnet 
is aligned with the undeflected beam the picture may not be 
centred on the tube screen. 

The right way of correcting for this is to centre the beam 
electrically. However, this is expensive and in practice the 
picture is invariably centred by tilting the focus magnet slightly. 
The inside of the magnet is appreciably larger than the tube 
neck and it is also possible to alter the picture position by 
moving magnet and tube relatively without tilting them. If 
this is done the effect on focus is usually more serious than a 
simple tilt. However, the optimum condition is not necessarily 
with the focus magnet symmetrically disposed around the neck 
of the tube. As a result, there is an optimum position for 
the magnet. 

In practice, little trouble usually arises and it is only when 
installing a new tube that it may be encountered. 

With a permanent magnet conditions are much the s^e. 
An additional fault may occur, namely, a loss of magnetism. 
This may require the use of a larger air gap for focus and hence 
give a different field distribution and a poorer focus. The 
greatest difficulty with the permanent magnet is that the focus 
and centring adjustments are greatly interdependent. 

It is common to find that the focus is not equally good over 
the whole of the picture. If it is right in the middle it is wrong 
at the edges and vice versa. This depends greatly on the 
design of die deflector coils and upon the final anode voltage of 
the tube. It is unlikely to arise as a fault in operation, but must 
be considered as a defect in the original design. It should 
understood, however, that it is theoretically imavoidable in 
some degree. It can be kept almost unobservable, however, 
and the amount that is permitted in practice usually depends 
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on economics. The methods of reducing deHection defocusing 
all tend to increase cost. 

A lack of definition which is not attributable to the tube focus 
is probably occurring in the vision channel. It is a rather rare 
fault, for misalignment of one or two tuned circuits at signal or 
intermediate frequency is more likely to cause overshoot 
effects than a reduction of definition. Its most probable cause, 
therefore, is that the diode detector load resistor or the v.f. 
stage coupling resistor has increased its value considerably. 
Sometimes low capacitance in a v.f. stage decoupling capacitor 
will cause a similar effect. 

Overshoot effects often occur if the r.f. and i.f. circuits are 
misaligned. Any white edge in the picture is followed by a 
black line and vice versa. Before starting to adjust circuits 
when this effect is found it is always as well to check that it 
really is the set that is responsible. The visible effect of a 
ghost image from an external reflection is not very different. 
A ghost can be positive or negative and its spacing from the 
main image depends on the difference of path length between 
the direct and the reflected weaves. A negative ghost and a 
short path difference produce an effect which can easily be 
mistaken for overshoot in the receiver. When a very long and 
incorrectly terminated aerial feeder is used, there may also be 
reflections in this. 

The only remedy for external reflections is to use a directional 
aerial and to place its null on one of the incoming signals, 
usually on the reflected one. Feeder reflections can be avoided 
by proper termination and in most sets overshoot can be made 
negligible by proper alignment of the tuned circuits. It should 
be noted, however, that some small amount of overshoot is 
not necessarily’' a bad thing and in inexpensive sets it is used to 
improve the apparent definition. 

Some of the commonest faults are interference of one form or 
another. The most prevalent is probably ignition interference 
from passing cars. In mild cases it appears on the screen as 
white pin points and is not very detrimental to the picture. 
When it is bad, however, its amplitude is great enough to 
overload the c.r, tube; the focus is destroyed and the inter- 
ference appears as bright patches. Most sets include a limiter 
to prevent this overloading, so that when it appears one should 
suspect this. A faulty diode or resistor is the most probable 
cause. A limiter is usually fitted to the sound channel, too, 
and here again faulty operation is most likely to be due to a 
defective diode, resistor or capacitor. 
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W hen interference is unusually severe it is a good plan to pay 
particular attention to the aerial. It should be orientated for 
maximum signal-to-noise ratio rather than for maximum signal 
only and care should be taken with the balance of the feeder 
system. The common practice of connecting a coaxial feeder 
directly to a dipole is not a good one xvhen interference is bad, 
for the system is unbalanced and the feeder may pick up inter- 
ference. It is desirable to use a proper coupling transformer 
between the feeder and the aerial. Alternatively, twin-wire 
feeder, preferably screened, can be used and the coupling 
transformer transfered to the receiver end. 

Another serious cause of interference, for which the only 
practical remedy lies in the aerial system, is diathermy apparatus. 
It produces a horizontal band across the picture with an 
appearance rather like that of watered silk. The band is 
usually stationary. 

Mutual interference between the sound and vision signals is 
not uncommon. The sound signal causes horizontal black 
bars to appear on the picture, and the cause is easily recognized 
because they vary in sympathy with the sound. The remedy 
is usually to realign the rejector circuits in the vision channel. 
Vision interference on sound is rarer, but when it does occiir 
it may at first be mistaken for mains hum, since the main 
audible effect is produced by the 50 c/s sync pulses. The 
character of the sound is different, however, and it is not really 
difficult to distinguish. The remedy is usually to realign the 
sound-channel tuned circuits. 

Other interference usually causes patterns of vertical or 
sloping lines. It may be due to a harmonic of some short-wave 
station which falls on the signal itself, in which case all that 
can be done is to try to reduce it by orientating the aerial. If 
the set is a superheterodyne, however, it may come from a 
signal in the i.f. band, in which case inadequate receiver 
screening may be responsible. 

With the superheterodyne, too, such patterns can be self- 
generated by the feedback to the input of harmonics of the 
intermediate frequency. This trouble is usually avoided 
chiefly by the proper choice of intermediate frequency, so that 
it is only likely to appear as a defect in a set if the i.f. amplifier 
has been realigned to the wrong frequency. 
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CHAPTER 27 

THE USE OF CATHODE-RAY TEST GEAR 

L ittle stress has been laid on the use of the cathode-ray 
tube in receiver testing, for even to-day it is not generally 
available. A good oscilloscope is an expensive piece of 
equipment and it is supplementary to other apparatus. By 
using it one cannot escape the need for the ordinary test gear 
which has been frequently referred to in earlier chapters. 

There is no doubt that the cathode-ray tube is essential to 
research and receiver design and it is almost essential to tele- 
vision servicing, but it is far less important for broadcast 
receiver servicing. This does not mean, however, that it 
cannot be of very great assistance in this connection. With 
suitable auxiliary apparatus it can be very valuable, and in cases 
where large numbers of receivers are dealt with its cost can 
readily be justified. 

The main use of the oscilloscope in receiver servicing is with 
a wobbly oscillator ” for the visual alignment of the various 
tuned circuits. When i.f. transformers of the '' over-coupled ” 
variety are used this equipment provides the only simple 
method of adjusting them. 

The usual commercial oscilloscope consists of a cathode-ray 
tube, amplifier, linear time-base and power supply. The out- 
put of the time-base is applied to the horizontal, or X, plates of 
the tube and it moves the spot steadily across the screen, usually 
from left to right. The fly-back is quite rapid and successive 
traversals of the screen coincide with one another. 

The number of traversals a second is variable by the operator 
and the range provided is often from 2 or 3 a second to 5,000 or 
so. Above about ten a second the eye cannot follow the spot 
and there is the appearance of a line on the screen. Flicker 
disappears above some 30-40 traversals a second. 

The waveform to be examined is applied to the vertical or Y 
deflecting plates. If its amplitude is insufficient for direct 
observation, as is often the case, an amplifier is used and is 
usually included within the case of the oscilloscope. 

As it stands, the oscilloscope is useless for circuit alignment, 
for it requires certain associated equipment, but is quite suited 
for waveform ex^nation. The waveform in all parts of an 
a.f- amplifier, for instance, can readily be examined. 

The amplifier should be provided with an input of good sine 
waveform derived from some form of a,f. oscillator, and the 
input of the oscilloscope clipped in turn to each part of the 
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amplifier which it is desired to investigate. The amplifier input 
should be kept constant while doing this and the desired size of 
trace on the tube obtained by suitably varying the gain of the 
oscilloscope amplifier. 

If the trace departs noticeably from a sine waveform when it 
is known that the amplifier input is good it is a sign of serious 
amplitude distortion. The oscilloscope used in this way is not 
a very sensitive detector of amplitude distortion, and if the input 
is increased until the overload point of the amplifier is reached it 
will usually be found that audible and visible distortion occur 
together. 

Where the oscilloscope scores over all other testing devices 
is the readiness with which certain t>^es of parasitic oscillation 
can be detected. It sometimes happens that an amplifier may 
be quite stable with its normal voltages, but go into oscillation at 
a high frequency when the bias on one of the valves is reduced 
nearly to zero. 

Now in operation at full output the valve is operated at this 
point every positive half-cycle of the input signal, with the 
result that parasitic oscillation occurs during part of every 
positive half-cycle on the valve responsible. Normally this 
fault is ver^^ difficult to detect, for often the only symptom is 
that distortion sets in at an abnormally low output. 

With no input or only a small input, the amplifier will appear 
normal in all respects and even with full input the change^ of 
anode current is no more than would occur if the distortion 
were due to other causes. When an oscilloscope is used, how- 
ever, the trouble is immediately evident, for instead of the trace 
of Fig. 27,1 (a) a picture such as that of (J) is obtained. 

Here the valve starts to oscillate at radio frequency when its 
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grid potential swings to zero on the a.f. signal and continues to 
do so until the grid voltage falls to about half-way between zero 
and normal bias. Oscillation then ceases and the remainder of 
the a.f. cycle is dealt with properly. 

When used with sine wave input voltages little difficulty is 
usually experienced in synchronizing the time-base to give a 
steady image. In television work, however, difficulty is often 
experienced. The oscilloscope is used very largely for examin- 
ing the waveform of the sync pulses in the various stages and 
the effectiveness of the amplitude filter. It is found in practice 
that sometimes there is no trouble with oscilloscope synchroniz- 
ing while at others there is. 

The reason for this lies in the polarity of the signal applied to 
the oscilloscope. Most types need a voltage change in a positive 
direction to trigger the time-base, and when the oscilloscope is 
connected to a point in a television receiver at which the pulses 
are in this sense no difficulty is experienced. It is when the 
pulses are in the opposite sense that it becomes very trouble- 
some to secure a stable trace on the tube. 

It will be found, too, that the amplifier included in many 
oscilloscopes is not good enough for television and that it very 
seriously distorts line sync pulses, so that no useful results can 
be secured with it. The best course is to cut out the internal 
amplifier and to build an external one with a response up to at 
least 200,000 c/s and preferably much higher. 

Such an amplifier should be built on the lines of a television 
v.f. stage and television type r.f. pentodes can well be used. It 
is advisable also to include a phase-reversing stage so that the syn- 
chronizing difficulty referred to above can readily be overcome. 

A suggested arrangement is shown in Fig. 27.2. Here Vi is 
a phase-reversing stage, for the switch permits the output to* 
be taken from either its anode or its cathode. Ri and Rg. 
should be equal and can well be 10,000 O when Vi is a triode 
of about 4,000 O a.c. resistance. The gain is slightly below 
unity and when the output is taken from the cathode both 
input and output are in the same phase. Whatever the phase 
of the input, positive sync pulses can be applied to the oscillo- 
scope time-base. 

The valve Vg is the amplifier and a gain of 20-30 times should 
be possible with a television-type r.f. pentode. Circuit values* 
should be worked out in accordance with the usual television 
practice and depend largely upon the input capacitance of the 
oscilloscope. 

Every effort should be made to keep this capacitance at ai 
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minimum, since for a given response R3 is inversely proportional 
to the total circuit rapacitance, and the gain and undistorted 
output of the amplifier are proportional to R3. Too high a 
capacitance, therefore, means that R3 must be too low for 
reasonable stage gain and output. 

It is normally only for television servicing that such a special 
oscilloscope amplifier is necessary, and in the great majority of 
cases encountered with sound apparatus the ordinary amplifier 
is quite satisfactory. There is, however, one point of difficulty 
which is quite likely to arise when dealing with transformer- 
coupled a.f. amplifiers. 

Most saw-tooth oscillators pass heavy grid current on the fly- 
back and this sets up a sharp voltage pulse at the sync input 
terminals. If these terminals are connected, in parallel with the 
deflector plates or amplifier input, to a transformer or choke in 
the amplifier under test this circuit will be kicked into oscillation 
at its natural frequency and the trace on the tube will be seriously 
distorted. 

The effect will be absent only if the resonant circuit formed 
by the inductance of the transformer or choke and the circuit 
capacitance is damped beyond a certain value. It will nearly 
always be found if the oscilloscope is connected to the secondary 
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of an intervalve transformer unless that transformer has a 
damping resistance across its secondary. 

The effect can easily be avoided, by feeding the sync terminals 
in parallel with the deflector plates from the output of the 
oscilloscope amplifier, so that this amplifier acts as a buffer 
stage between the circuit under test and the time-base. No 
trouble will then be encountered. 

What is one of the most important uses of the oscilloscope in 
servicing must now be dealt with. This is its application to the 
visual alignment of tuned circuits. In addition to the oscillo- 
scope a “wobbly oscillator ’’ or “ wobbulator as it is frequently 
termed, is needed. Actually, this is an r.f. oscillator frequency- 
modulated by the saw-tooth wave of the oscilloscope time-base. 

The usual practice is to have an r.f. oscillator of any con- 
ventional type operating at a convenient fixed frequency — say 
3 Mc/s. Across the tuned circuit of this oscillator is connected 
a frequency-control valve which functions in the same way as 
the control valve in an automatic frequency control system. 

It is a valve connected so that its output impedance is chiefly a 
reactance, the value of which is a function of grid bias over 
an adequate range. By changing the bias on the valve its output 
reactance changes and hence the resonant frequency of the 
oscillator circuit with which it is in parallel. The oscillator 
frequency can thus be controlled by altering the grid voltage of 
the control valve. Such a stage is described in detail in 
Chapter 22, 

This valve has applied to its grid a saw-tooth voltage wave 
taken from the oscilloscope time-base, so that the net result is 
that the oscillator frequency varies with the time-base voltage. 
The variation is usually about ± 30 kc/s from the mean value. 

When the c.r. tube spot is on the left-hand side of the screen 
the oscillator frequency may be 2*97 Mc/s and it will rise steadily 
as the spot moves across the screen. In the middle it will be 
3 Mc/s and when it has reached the right-hand side the fre- 
quency will have become 3 *03 Mc/s. The fly-back then occurs ; 
the spot rapidly goes back to the left-hand side and the frequency 
rapidly returns to 2*97 Mc/s, Distance horizontally becomes a 
measure of frequency. 

If the output of this frequency-modulated oscillator is applied 
to the input of an amplifier tuned to the mean frequency, in 
this case 3 Mc/s, the d.c. detector output will vary in accord- 
ance with the gain of the amplifier at the frequency applied at 
any instant. It will, in fact, vary according to the overall 
resonance curve of the amplifier. 
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This direct current sets up a similarly varying voltage across 
the resistances of the detector circuit and if this is applied to 
the vertical deflector plates of the oscilloscope the position 
of the spot in the vertical direction will correspond to the 
gain of the amplifier at the frequency applied at that moment. 
The spot consequently traces out the resonance-curve of the 
amplifier. 

If the process is repeated sufficiently rapidly, the resonance- 
cun^e becomes in appearance a solid line because of the reten- 
tivity of the eye, and the changes of direct voltage in the detector 
output can be passed through a resistance-capacitance coupling. 
This is important, since it permits an amplifier to be used 
between the detector and the deflector plates, and so a reason- 
ably large image can be secured. 

As described so far, the oscillator has a fixed mean fre- 
quency and it cannot be varied directly without affecting the 
amount of the frequency modulation. To obtain an output at 
any desired mean frequency the superheterodyne principle of 
frequency changing is adopted. 

Another unmodulated oscillator covering a wide range of 
frequencies is used and the outputs of the two oscillators are 
applied to a mixing stage — the difference frequency in the output 
being applied to the apparatus under test. Thus, if an output 
of 465 kc/s is wanted and the frequency-modulated oscillator has 
a mean output at 3 Mc/s, the additional oscillator is set at 
3 ± 0-465 = 2-535 or 3-465 Mc/s. 

As the “wobbly*’ oscillator and the horizontal sweep are 
both controlled from the time-base synchronism is inherent. 
It is, however, usually advisable to lock the time-base to the 
mains frequency, or a sub-multiple of it, to prevent any hum 
from causing a wobble on the image. In spite of the inherent 
synchronism the time-base frequency is quite important, and 
it must be chosen correctly if a distorted and misleading trace 
is not to be secured. 

If the frequency is too high in relation to the selectivity of the 
amplifier serious distortion of the trace will result, the distortion 
occurring just beyond the peak of the resonance curve. The 
better the circuits used in the amplifier , the lower mustbe the time- 
base frequency and in no circumstances should it exceed 50 c/s. 

The general practice is to use 25 c/s, but in some cases izi c/s 
is better. Flicker of the image is then very noticeable, but is 
not a serious drawback. 

If the frequency is too low in relation to the characteristics 
of the circuits between the detector and deflector plates, the 
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Fig. 27.3 : The dotted curve 
illustrates how the trace of a 
resonance curve can be distorted 
by an Inadequate low-frequency 
response in the oscilloscope 
amplifier 


resonance-curve will again be distorted. This will take the 
form shown in Fig. 37.3 where the solid line curve indicates the 
correct trace of the true resonance curve and the dotted line 
shows the distorted trace. 

This trouble is caused by an inadequate low-frequency 
response in the circuits coupling the detector to the deflector 
plates. When it is found it can be overcome by increasing the 
time-base frequency, but as this may introduce another form 
of distortion it is better to improves the circuit responsible. 

The response in the oscilloscope circuits must be maintained 
down to the fundamental time-base frequency — 25 c/s or 
12*5 c/s , whichever is adopted. This means that the oscilloscope 
amplifier must be a good one; large capacitances must be used 
for coupling and particular attention paid to grid bias circuits. 

Because of this effect it is rarely satisfactory to use the a.f. 
amplifier of the receiver, and the input to the oscilloscope should 
be taken directly from the detector. As resistance-capacitance 
coupling is used between the detector and the first a.f. stage 
in most modem sets, it is rarely necessary to disconnect any- 
thing in the receiver and it suffices to clip the oscilloscope input 
lead on to the detector output. 

In some sets, however, choke or transformer coupling is used 
immediately after the detector and it is then imperative to dis- 
connect this component if a very distorted trace is to be avoided. 

When using this equipment a.g.c. should be rendered in- 
operative and this is usually easily done by short-circuiting one 
of the a.g.c. filter capacitors by a lead with a crocodile clip at 
each end. With these precautions no difficulty should be 
experienced in obtaining a good trace. 

Little need be said regarding the actual circuit adjustments 
when using cathode-ray equipment, for it is obvious that the 
vraous trimmers are adjusted for the desired shape of resonance 
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2iir\^e combined with the maximum height of trace. It is thus 
quite easy to trim an amplifier wfith overcoupled tuned circuits, 
for the precise effect of every adjustment is clearly shown. In 
no other vray can such circuits be so readily adjusted. 

There are, of course, many applications of the oscilloscope 
beyond those mentioned here, but most of them belong more to 
measurement than to general servicing. Their discussion in 
this book would consequently be out of place. 
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Common 

Circuit Constants 

Capacitors 


Capacity 

Position 

Circuit 

Bias Resistance by-pass 

R.F. or I.F. 

0*1 /iF 

A.F. 

25-250 ftF 


(old sets) 

1-4 ixP 

Grid Circuit Decoupling 

R.F. or I.F. 

0 - 05 -O*! jLtF 

A.F. 

0 * 5-1 /xF 

Screen-grid Circuit 

R.F. or I.F. 

0*1 /xF 

Decoupling 

A.F. 

o* 5”4 fiF 

Anode Circuit Decoupling 

R.F. or LF. 

0*1-1 juF 

A.F. 

0*5-8 (jF 

Inter-stage Coupling 

R.F. 

100-1,000 pF 

Grid Detector 

100-300 pF 


A.F. 

0*01-0*1 fiF 

R.C.-fed Transformer 

A.F. 

0*1-2 fiF 

Anode by-pass 

Grid Detector 

100-2,000 pF 

Anode Bend Detector 

100-200 pF 

Load Resistance by-pass 

Diode Detector 

100-300 pF 

R.F. Filter 

Diode Detector 

100-500 pF 

Output Feed 

Choke Output 

1-4 /iF 

Reservoir 

A.C. Sets 

4/iF 


A.C./D.C. 

4-32 ftF 

Smoothing 

A.C. or D.C. 

4-8 fiF 

Band-Pass Filter Coupling 

“ Bottom-End ” 

0*01-0*05 fiF 

“ Top-End ” 

0*5-2 pF 

Tuning 

M.W. and L.W. bands 

500 pF 

All-wave 

350 pF 


Short-wave 

100-200 pF 

Reaction 

M.W. and L.W. 

100-500 pF 


All-wave 

100-300 pF 


Short-wave 

100-200 pF 

Earth Lead Isolating 

D.C. Sets 

1-2 jLtF 

A.C./D.C. 

0*1 jcxF (max.) 

Aerial Lead Isolating 

D.C. Sets 

0*001-0*1 ftF 


A.C./D.C. 

0*001-0*01 fjF 

(max.) 

Mains Aerial 

— 

100-200 pF 

Mains to Earth 

A.C. and A.C./D.C. 

0*001-0*01 fiF 
(max.) 


D.C. 

0*001-4 fxF 

Valve Heater to Earth 

A.C. sets ; M.W. and 



L.W. 

0*1 {jF 


S.W. 

0*01 fjF 

ak. 

274 




COMMON CIRCUIT CONSTANTS 


Resistors 


Posztzon 

Circuit 

Value 

Bias 

R,F. Pentode 

50-500 a 


A.F. Triode 

500-2,000 a 


Output Triode 

500-1,000 a 


Output Pentode 

145-500 a 


xAnode Bend Detector 

2-10 kO. 

Grid-circuit Decoupling 

R,F. or LF. 

20-500 ka 


A.F. 

50-250 ka 

Screen- circuit 

R.F. or I.F. 

100-1,000 a 

Decoupling 

A.F. 

2-10 ka 

Anode Circuit 

R.F. or I.F. 

0*5-10 ka 

Decoupling 

A.F. 

5-10 ka 

Anode Coupling 

A.F. 

10-100 ka 


Grid Detector 

20-50 ka 


Anode Bend Detector 

100-250 ka 

Grid Leak 

R.F. oi I.F. 

1-2 Ma 


Grid Detector 

0'i-5 M a 


A.F. 

0*1-1 M a 

Load Resistance 

Diode Detector 

ioc-500 ka 

Volume Control 

Bias on V.M. Valve (i) 

10-20 ka 


A.F. Potentiometer 

0*1-1 M a 

Tone Control 

A.F. 

0*1-1 M a 

Grid Stopping (Anti- 

R.F. 

20-200 a 

Parasitic) 

F.C, 

20-500 a 


LF. 

100-500 a 


A.F. 

i-io ka 

Anode Stopping (Anti- 

R.F. or LF. 

100-500 0 

Parasitic) 

A.F. 

50-1 CO 0 

The DX. Resistance of Coils and Chokes 


Component 

Circuit 

Resistance 

Tuning Coil 

M.W. 

i ~5 Q 


L.W. 

5-50 Q 

Transformers 

I.F. 

5-100 a 


A.F., Primary 

500-2,000 a 


Secondary 

2-20 k a 


Class B, Primary 

500-2,000 a 


Secondary 

100-500 a 


Output, Primary 

200-500 a 


Secondary 

0*05-20 a 

Mains Transformers 

Primary 

20-150 a 


H-T. Secondary 

100-500 a 

Chokes 

R.F. 

200-1,000 a 


R,F., S.W. 

20-100 a 


Smoothing, ist Stage 

100-300 a 


and Stage 

200-1,000 a 

Speaker Field 

Series fed 

1,000-2,500 a 

Shimt fed 
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Standard Symbols 

Capacitance* Symbol C. Unit, farad* 

microfarad — one-millionth of a farad. 
pF or /iju,F — micro-microfarad — one-millionth of a microfarad. 
(Some Continental components have capacitance expressed in 
centimetres, i cm = i*i pF.) 
inductance* Symbol L. Unit, henry. 

H == henry, 

mH = millihenry = one- thousandth of a henry. 
fiH = microhenry = one-millionth of a henry. 

Resistance* Si^mbol R. Unit, ohm. 

Q = ohm. 

k = kilo-ohm = one thousand ohms . 

MQ = megohm = one million ohms. 

Frequency* Symbol /. Unit, cycles per second 
c/s = cycles per second. 

kc/s = kilocycles per second (i.e., thousands of c/s), 

Mc/s=* megacycles per second (i.e., millions of c/s). 

CO = 2 irf — 6 * 28 /. 

Voltage, Current and Power 

V = volt. 

mV == millivolt = one-thousandth of a volt 
/iV = microvolt == one-miliionth of a volt. 

A = ampere. 

mA = milliampere = one-thousandth of an ampere, 
fiA = microampere = one-millionth of an ampere. 

W = watt *= product of volts and amperes (in a resistive 
circuit). 

mW = Milliwatt = one- thousandth of a watt. 

== Microwatt = one-miliionth of a watt. 

Volt-Amp — product of volts and amperes (only equals power 
in a resistive circuit). 
kVA (usually KVA) = kilo-volt-amperes. 

Various 

Q=a)L/R = ratio of reactance to resistance of a coil. It is a 
measure of its ‘‘goodness’’ and is sometimes called 
the magnification and denoted by the letter m, 

Rd L*/R = <«>LQ ~ dynamic resistance of a tuned circuit. 

db — decibel. It is defined as ten times the logarithm of the ratio 
of two powers, or ^enty times the logarithm of the 
ratio of two voltages or currents, boSi voltages or 
currents appearing in the same value of resistance. It 
is also commonly used to express voltage amplification 
by taking twenty times the ratio of the output to input 
voltages irrespective of the circuit impedances. While 
this usage does not conform to the proper definition 
given above, it is common practice, 
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Valves 

^ ™ amplification factor = 

Ta ^ internal ax. resistance (ohms) = dV^fdh, 
gm— mutual conductance (A/ V) = dhld\\ = iijra, 
where (iVa, dlo. are a change of anode volts, grid volts, and 
anode current respectively, and current is expressed in amperes. 

Mutual conductance is usually measured in miiliamperes per volt 
(written mA/V) or microamperes per volt (/lA/V)* It is sometimes 
expressed in the conductance term mho (the mho is the reciprocal of 
the ohm), i micromho is equal to i ftA/V. ^ 

la = anode current. ~ anode voltage. 

Ig = grid current. Vg = grid voltage, 

Isg == screen Vsg =^'*screen voltage. 

If = filament current. Vf = filament voltage. 

Ik ~ cathode current. Vk = cathode voltage. 

Reactance and Impedance, Units, ohms. 

X = reactance. 

XI ~ inductive reactance. 

Xc = capacitive reactance. 

Z = impedance = combination of resistance and reactance. 

Y = i/Z = admittance. 

G = i/R = conductance. 

S (sometimes B) = i/X = susceptance. 

Amplifiers 

Class A Valves operated with a grid voltage about half-way 
between zero and the value needed to give 
anode current cut-off. No grid current flows 
during operation. 

Class AB Push-pull stage with bias intermediate between 
the class A and class B conditions. 

Class B Push-pull stage with grid bias near the current 
cut-off point. 

(Subscripts ” and are commonly used with the above 
designations ; “ i ” indicates that grid current is not permitted, 
wb'le t ” denotes that the stage is driven into grid current.) 
Q.P.P. A class ABi or class Bj stage. 

Useful Formulae 

Resonance frequency of any low-resistance circuit 

/ = 1/6-28 VLC (L in H, C in F) 

/ = 1,000/6*28 VLC (L in iuH, C in pF) 

Wavelength A = 1,885 VLC (L in /xH, C in /xF) 

and / = 3 X loVA {/in c/s, A in metres) 

/ ~ 300/A {/ in Mc/s, A in metres) 

Ohm’s Law V = IR, I * V/R, R = V/I 
f in volts, amperes and ohms. 
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Reactance of a coil 

Xl = oiL == 6*28/L 

(/ and I> in c/s and H 
or Mc/s and ^H) 

Reactance of a capacitor 

Xc = — i/a>C = — i/6-2«/C 

(/ and C in c/s and F) 

Xc = —lo® /6‘38/C (/and C in Mc/s andpF) 
Resistances in Series 

Rt — Ri + R2 4 “ 

Resistances in Parallel 

i/Rt = i/Ri + 1/R2 + 

Sum of Reactance and Resist^^ 

Z = VR" + 

Capacitors in Series 

i/Ct = i/Ci + 1/C2 + 

Capacitors in Parallel 

Ct - Cl + C2 + 

T he p eak value of alternating voltage or current (of sine waveform) 
is V 2 = I '414 times the r.m.s. value. In computing power or 
volt-amps r.m.s. values must always be taken. Unless a voltage 
or current is definitely stated to be a peak value, an r.m.s. value 
should always be assumed. Thus in dealing with a.c. circuits, 
the statement that a valve heater, for instance, must be operated at 
4 V means 4 V r.m.s., not 4 V peak. 

The above ratio for peak to r.m,s. values is true only for sine 
waves, and is different for other waveforms. Thus, take the case 
of a modulated carrier. The carrier is usually expressed in r.m.s. 
volts and the modulation depth as a percentage. A carrier of i V 
when unmodulated has a pe^ value of 1*414 V and during 100 per 
cent modulation it rises to 2*828 V peak. 

Capacitance of Parallel Plate Capacitor 
C = 0*0885 k A 
where C = capacitance (pF) 
k = dielectric constant 
A = area of plate (sq cm) 
n = number of plates 
t = thickness of dielectric (cm) 

Inductance of Coil 

T 0*2 ^ D- 2 * 25 ^^ 

3*5 D + D 

where L = inductance (ftH) 

N = number of turns 
D = outside diameter (in) 

I = length (in) 
d = winding depth (in) 
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This formula, due to J. H. Remer, has an accuracy of about 
2 per cent for coils of the usual dimensions. For single-layer coils 
the right-hand;part of the expression reduces to unity. 

Valve Operating Conditions 

Given the operating conditions for one anode voltage Vj, to 
determine the correct conditions for a different voltage V 2 — 

(а) Multiply all voltages by the voltage factor (V2'Vi) 

(б) Multiply all currents by the current factor (Va/Vi)®/- 

(c) Mul tiply mutual conductance by the factor (V 2/ V 1) ^ 

(d) Multiply the power output by the factor (Va/Vi)^/^ 


(This rule holds approximately for voltage changes not exceeding 
2-5 ^ !•) 



Co = Signal circuit stray capacitance including trimmer. 

Lj — Signal circuit inductance. 

02 = Oscillator padding capacitance. 

Cg == Oscillator circuit stray capacitance including trimmer. 
C4 = Any shunt capacitance across the oscillator variable 
capacitor. 

Lg == Oscillator circuit inductance. 

Let f min and /max be the minimum and maxiinj^ frequencies 

to which it is required to tune and Cmin Cman: be the mimmum 
and maximum capacitances of the tuning capacitor. 


Then 

Cmax 

f^max 


Co 

0 Omin 

= ^tnm 

Pmax 

f^min 

f^min 

I 

(t) 


10® 



Li 

(Co + Cjnzn) 

<o^mm (Co + ^maxr 
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Next determine the three frequencies at which the ganging is to 
be perfect (i.e., the ganging frequencies) as follows 

Let and/'" be these frequencies, and enumerate 


F 

ft 
ft 
Let ft 

= f max fmui 

= fmin "i" F /4 

= frnax 

= intermediate frequency. 


(3) 

( 4 ) 

(5) 

Calculate 

F 

I fa +fi 


(6) 

Ji 






10-66 + 3-33 

Jmtn T Jt 



= F 

* /a +/i 

+ i72-f/i 


( 7 ) 

y'i 

,, fa + /i... 
/max+/i 

+ 3-33 



== 

r6 7a + /i 

— .Vi 

3 

(8; 

Then /' 

= fmin 

+ iVi 


(9) 

/" 

= fmin 

+ /«iaa? 


(10) 



2 



/"• 

= fmax 



(It) 


The maximum ganging error is given by 


Af - f- 


Now evaluate the oscillator frequencies corresponding to the 
signal frequencies : — 

:f +^, }<’=> 

/o'" =/"'+/* ^ ^ 

Writing w' for 6-28/', coo' for 6-28/0', etc.. 
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Evaluate 

a = S 

3 = l/co"® ® 

Y = i/cu'^ V 

8 = 1-=-^ 

7 } — e 

The next step is to evaluate the capacitances in the tunmg capacitor 
corresponding to the ganging frequencies, and add on Cj. 



1 ( 14 ) 

l/a)o'“ 

j 

(IS) 


Q/// 

= ^“ 10® Co + C4 

1 


= — Co + C4 

|- (t6) 

1 

C' 

= 10® — Co + C4 

t-'l 

1 

Then C2 

- c" (d c'" + CO - c' C'" (i + 

■ C'" + B C'"- C" (i + B) 

(17) 

Lo 

1C.+ C')(C. + C" 0 (i?^S) 

(18) 

■*^2 

Cs* (C' - C'") 


c. 

= 3 

l; Cs + C'" 

(19) 


In these equations frequency is in Mc;s, inductance in and 
capacitance in pF . re ■ *. 

N<«..-Wh.n .vdpdng (.7) 
for the denominator involves the ditierence oi ^ 
are nearly equal. 


As an example, suppose fmin -®' 5 S 
fi = 0-45 Mc/s, Cmiv, = 15 pF and Cmax - 50o pf • 


1*5 Mc/s, 


From (i) Co 

( 2 ) U 

( 3 ) f 

( 4 ) /a 

(5) /a 

(6) yi 

(7) 3'3 

(8) ya 

( 9 ) L 
(10) f 

C 

(la) AT 


6 o-2 pF 

149-5 

0-95 Mc/s 

0- 7875 Mc/s 

1- 2625 Mc/s 
0-052 Mc/s 
0-0822 Mc/s 
0-0556 Mc/s 

o-6o2Mc/s'| . . 

0-969 Mc/s >the ganging frequencies. 

o-t^.33^c/s = 3-3 k?/s. the maximum 
ganging error. 
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r/o' 


1*052 Mc/s 

(13K/0" 

= 

1*419 Mc/s 

\fc"' 

= 

1*868 Mc/s 

r“ 

= 

0*01265 


= 

0*02755 

ly 

= 

0*07 

( is ) e 

= 

0*52 

rc '" 

= 

24-3 pF 

From (i6)<^ C" 

= 

123*8 pF 

Ic' 

= 

407*8 pF 

(17) C* 

= 

767 pF 

(18) L, 


65 /iH 

(19) C3 

= 

88*45 pF 

If C4 — 10 pF then 


fC "' 

= 

34*3 pF 

From (i6)<^C" 


133*8 pF 

\C' 


417*8 pF 


S = 0-00727 

€ = 0*01264 

7 ) = 0*02295 


Short-Wave Aerials and Feeders 

Length of half-wave aerial in metres==o*475A=i42*5// 

infect ~i*56A =468// 


Length of quarter-wave matching section is one-half of that of 
a half-wave aerial. 


A reflector should be 0*485 A long and mounted 0*25 A behind the 
aerial. 

A =waveiength (metres) / ==frequency (Mc/s) 

Impedance of twin wire feeder or A/4 matching section 
wire radius 


Z =276 log 


wire spacmg 


Impedance of concentric feeder 

inside diameter of outer conductor 


Z =*138 log 


outside diameter of inner conductor 


A quarter-wave matching section must have an impedance 
Z ^\/ZaZf 

where Za is the aerial impedance and Zf is the feeder impedance 
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Copper Wire Tables 

Bare Copper Wire 


S.W.G. 


10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 


36 

38 


40 

43 

44 

45 


46 


47 


48 


49 


Ohms 


Diameter 

Section 

Area 

per 

1,000 yds 

in. 

sq. in. 

1*87 

0*128 

o*02i86 

0*104 

0*00849 

2*83 

0*08 

0*00503 

4*78 

0*064 

0*00322 

7*46 

0*048 

0*00180 

13-27 

0*036 

1 0*00102 

23*6 

0*028 

; 0*00616 

39-0 

0*022 

; 0*000380 

63*2 

o*oi8 

0*000254 

94-3 

0*0148 

0*000172 

139*5 

0*0124 

0*000121 

199 

o*oio8 

0*000091 

262 

0*OOQ2 

0 *000066 

361 

0*0076 

0*000045 

529 

o*oo6 

0*000028 

849 

0*0048 

1 0*00001 8 

1,326 

1 0*0040 

0*000012 

1,910 

1 0*0032 

0*000008 

2,985 

0*0028 

, 0 *000006 

3,899 

0*0024 

0*000004 

5,307 

0*0020 

0*000003 

7,642 

O'ooi6 

0*000002 

11,941 

0*0012 

; 0*000001 

21,230 


[ Current 

Length ' Weight 1 Rating at 
per per ! 1,000 amps 

ohm 1 ,000 yds j pgj- gq {jj 


yds 

lb i 

amps 

535 

148-8 ; 

12*9 

353 : 

98*2 


208 

58*1 

5*o| 

13s 

37*2 


53 

20*9 

1*8 

42*4 

11*8 ; 

1*0 

25*6 

7*12 i 

0*61 

15*8 

4-4 

0*38 

10*6 

2*94 1 

0*25 

7*i8 

1-99 ; 

0*17 

5-03 

1*40 

0*12 

3*82 

l*o6 

009 

2*77 

0*77 

0*07 

1*89 1 

0*52 

0*05 

I‘i8 

0*33 

0*03 

in 

oz 

mA 

27-15 

3-35 

i8*o 

18*87 

2*32 

12*6 

10*77 ' 

1*49 

8*0 

9-24 , 

1*14 

6*0 

6*78 ! 

0*83 

4-5 

4*71 ; 

0*581 

3-1 

3*02 1 

0*372 

2*0 

1*70 

0*209 

i 


Enamelled Copper 


Eureka Wire 


22 

tt 

28 

30 

32 

38 

40 

42 

44 

ti 

47 


S.W.G. 1 

Turns 

. Weight per ' 

Yards : 

per inch 

j 1,000 yds 

per lb 

1 

16 1 

14*8 

! lb ' 

i 37-8 

26*4 

18 1 

19*7 

S 21*3 


20 

26*1 

12*0 

83*3 


33*3 
42 •! 
50 ‘6 

61-4 

73-3 

116 

143 

180 

217 

270 

303 

357 


7*3 

4*53 

3-03 

2 'OS 

1*44 

i'09 

0*832 

0*543 

0*340 

oz 

3*49 

2*43 

1*56 

1*105 

0*885 

0*613 


221 

3|o 

694 
91S 
1,202 
1,840 
2, 810 
per oz 
286 

4II 

642 

835 

1,128 

1,630 


Ohms per 
1,000 yds 


Ohms 
per lb 


209-4 
371*8 
661 *3 

1,093 

1,770 

2,64s 

3,914 

5,575 

7,350 

10,128 

14,840 

23,808 


5*63 

17.76 

S6*i8 

153*51 
^3 *00 
899*05 

I, 968 
3,985 
6,940 

13,174 

28,272 

72,764 

per oz 

II, 103 
23,013 
56,220 

95404 
176,094 
i 368,940 
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insulated Wire 


Single Cotton Covered Double Cotton Covered 


s,w.G. ; 

i 

Turns i 

Weight per 

Yards 

Turns 

Weight per 

Yards 

per inch 

1 

i»ooo yds 

per lb 

per inch 

I5000 yds 

per lb 

1 

1 

lb 

j 

lb 


x6 j 

I 4 -I 

38*3 

26*1 

13*3 

38-9 

25*6 

i8 

i8-3 

21*6 

46*3 

17*3 

22*0 

45*4 

20 j 

24 ’I 

12*24 

81*7 , 

21*7 

12*6 

79*2 

2Z 1 

29*8 

7-48 

134 

26-3 

7*76 

129 

24 

37*0 

4-57 

219 

31*3 

4*92 

203 

z6 

43 -S 

3*21 

311 ' 

35*7 

3*40 

294 

zS 

50*5 

2*21 

452 

40*2 

2*37 

422 

30 

57*5 

1*58 

634 

44*7 

1*70 

587 

32 

63*3 

1*20 

835 

50*5 

1*32 

755 

34 

70*5 

0*781 

ijzSo 

54*9 

0*977 

1,024 

36 

86*2 

0*619 

1,610 

64*1 

0*677 

1,477 

38 

100*0 

0*392 

2,550 

71*4 

0-437 

2,287 

40 

112*5 

0*255 

3 » 9 io 

78*1 

0*290 

3,456 

— 

Single Silk Covered 


! Double Silk Covered 

16 

15 

37*9 

26*4 

14*7 

38-3 

26 *J 

18 

20 

21*3 

46 8 

19*6 

21 *6 

46*3 

20 

26*3 

12*0 

85*3 

25*3 

12*1 

82*5 

22 

33*3 

7*3 

' 137 

31-8 

7*44 

134 

24 

42*1 

4*5 

222 

40 

4*59 

218 

26 

S0*6 

3*02 

332 

47*6 

3*08 

325 

28 

60*4 

2*05 

488 

56*2 

2-09 

478 

30 

72*0 

1*44 

695 

67*1 

1*48 

67s 

32 

81*3 

1*10 

912 

75*2 

1*13 

887 

34 

93*4 

0*80 

1,250 

85*5 

0*82 

1,220 

36 

no 

0*551 

1,815 

102 

0*57 

1,730 

38 

133 

0*348 

j 2,871 

I 2 I 

0*37 

2,760 



oz 

! per oz i 


oz 

per 02 

40 

159 

3*62 

j 276 

142 

3*88 

258 

42 

192 

2*58 

387 

161 

2 *80 

358 

44 

227 

1*67 

599 

185 

1*86 

536 

4 S 

250 

1*33 

752 

200 

1*48 

67s 

46 

278 

1*00 

1,000 

217 

ITS 

871 

47 

312 

0*727 

l »375 

238 

0*845 

1,190 
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Colour Codes 


Colour 

Significant 

Decimal 

Tolerance 

Voltage 
Rating (d.ci) 


Figure 

Multiplier 

{per cent) 

(Capacitors 

Black 

0 

I — 

only) 

Brown 

1 

10 

I 

100 

Red 

2 

10- 

2 

200 

Orange 

3 

10® 

3 

300 

Yellow 

4 

10^ 

4 

400 

Green 

5 

10^ 

5 

500 

Blue 

6 

IO« 

6 

600 

Violet 

7 

10^ 

7 

700 

Grey 

8 

10® 

8 

800 

White 

9 

10® 

10 

1,000 

Gold 


— 5 * 

— 

Silver 

— 

— 10* 

— 

None 

— 

— 20 

— 


* Used for resistors only, the other tolerance markings being 
normally for capacitors only, except for the 20 per cent tolerance 
which applies to both. 


Resistors 

The three usual methods of marking resistors are shown. Where 
the bands are all towards one end of the resistor they are read in 
sequence starting with the one nearest the end. The first two bands 
give the first two significant figures of the resistance value and the 
third gives the number of noughts following them (decimal multiplier) . 
The fourth band gives the tolerance on value. 

With the other markings the body colour indicates the first and 
the tip or end-band the second significant figures, while the spot or 
centre-band colour is the decimal multiplier. Tolerance is indicated 
by gold or silver towards one end. 


SPOT 



CENTRE 

END BAND 



285 




WIRELESS SERVICING MANUAL 


12 3 4 


Example — 


Band i or Body 
Band 2 or Tip 
Band 3 or Spot 
Band 4 


Red = 2 
Green ^ 5 
Yellow = 10^ 
Silver 10 per cent 


Resistor is 250,000 10 per cent tolerance. 


Capacitors 

The coding used for capacitors is much more complex than that 
for resistors. It is always basically of the same form and the colours 
indicating the capacitance value are read in the same way. How- 
ever, up to six colours are used and there are several different codes. 

Coding is normally effected by one or two groups of coloured dots, 
but in the case of tubular types coloured bands may be used. An 
arrow is sometimes provided to indicate the direction of reading. 
The colours are read from left to right in the top row and right to 
left in the bottom, if any. 

One colour only indicates the tolerance, other quantities being 
shown numerically. Two colours denote tolerance and voltage 
rating in that order. Three colours designate capacitance only in 
picofarads. ^ Four colours are not normally used, but five colours 
give capacitance by the first three, tolerance by the fourth and 
voltage rating by the fifth. 

Similar codes are used for American capacitors, but there are at 
least three different codes in use. 

Fixed Capacitor Markings 

Connecting leads for multiple blocks 


Highest capacitance, positive 


Red 

2nd highest capacitance „ ... 


YeUow 

3^^ >> »> » 


Green 

4^ n »> 


Blue 

»> »> >9 *•• 


Violet 

Principal negative lead 


Black 

and 


Brown 

3rd „ „ 

... 

Grey 

Centre lead of voltage-doubler 


capacitors 

... 

White 


Where two capacitances are of the same value, the one of higher 
voltage rating has the higher colour in the table. 

Common positive jimctions are marked + 

Common negative junctions are marked — 

Series connections are marked i 

Unconnected sections are marked & 
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Thus 

8 + 8 denotes two 8-/iF capacitors with common positive terminal 
8 8 ,, ^ ,, „ ,, ,, negative 

8 db 8 „ a series voltage*doubler connection 

8 & 8 „ two isolated 8- ftF capacitors 


Colour Code for Wander Plugs (Batteries) 


Highest positive h.t. 

... Red 

2nd highest,, „ 

... Yellow 

3rd „ „ „ 

. . . Green 

4th >» »> ,1 

... Blue 

l.t. positive 

... Pink 

Negative ( — Lt., — h.t., + g.b.) 

Black 

Maximum g .b , negative 

... Brown 

2nd 

... Grey 

Srd „ „ 

... White 


Any additional battery lead is Violet, and any centre-tap White. 


6o mA 

lOO mA 

150 mA 
250 mA 
500 mA 
750 mA 


Colour Code for Fuses 


Black 

Grey 

Red 

Brown 

Yellow 

Green 


1 A Dark Blue 
1*5 A Light Blue 

2 A Purple 

3 A White 

5 A Black and White 


287 



APPENDIX 3 

Capacitance and Resistance Bridge 
A Wireless World Wide-Range Testing Set 

T here is no doubt that the best method of measuring capacitance 
is by means of a bridge. This is a comparison method by which 
the unknown capacitor is compared with another of known 
value, and the accuracy depends upon how closely the relative 
values of the two can be determined and upon how accurately the 
capacitance of the standard is known. The basic circuit is shown in 
Fig. A.3.1, and it is easy to see that if the reactances of Ci and C2 are 
the same and Ri equals Rg there will be no current through the tele- 
phones. If Ri does not equal Rg, however, there will be a difference 
of potential between the two sides of the phones and, consequently, 
an audible note in them. As the slider of the potentiometer is 
moved, therefore, the strength of the sound in the phones will 
vary and at the exact balance point w’^hen Ri equals R2 will disappear. 

It is not, of course, necessary for the two capacitances to be equal, 
but if they are not equal the balance point \^1 be different. The 
balance point is connected with the relative values of the capacitors 
by a very simple relation: Rj: i/ct>C2 : : Ra: i/coCi. Consequently 
Ri/Rg = C1/C2. If one of the capacitors, say C2, has an accurately 
known value, and the resistances can be accurately measured each 
time a balance has been obtained, the unknown capacitance is readily 
calculated and is Ci = R1C2/R2. This is naturally inconvenient 
for general use, but it is easily possible to provide a scale giving a 
direct calibration in capacitance, and the operation of measuring 
capacitance then becomes no more than connecting the capacitor to 
the terminals, adjusting the control knob to give the balance, and 
reading off the capacitance directly from the scale. 

In theory it is 
possible to measure 
all capacitances from 
zero to infinity in a 
single range, but this 
is hardly possible in 
practice with ordinary 
potentiometers, for 
the scale would 
become extremely 
cramped at the ends. 
With only two ranges, 
however, it is easy 
to measure any 
capacitance between 
10 pF and 10 fiF, 
The same bridge 
may be used also for 



Fig. AJ.I : Th* basic circuit of a capacitance bridge 
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the measurement of resistance if the standard capacitor is replaced 
by a standard resistance, and if the values are suitably chosen the 
same scale and calibration hold for both resistance and capacitance 
measurement. This has been done in the bridge described in this 
article, and two ranges are provided. On one range resistances of 
10 Q to 100,000 O can be measured, and capacitances of lo pF to 
100,000 pF (o*i fiF), while on the other scale the reading is multiplied 
by loo and so gives a range of i,ooo Q to 10,000,000 Q (10 MH) 
or 1,000 pF (o*ooi pF) to 10,000,000 pF (10 fiF). 

The complete circuit diagram of the bridge is shown in Fig. A.3,2, 
and it will be seen that the control consists of a 20,000- £2 potentio- 
meter R5, The switches S2 and S3 change over the connections for 
capacitance or resistance measurements, and also change the range. 
There are two resistance standards, R3 and R4, of 1,000 Q and 
100,000 Q. respectively, and two capacitance standards, C4 and C3, 
of 0*001 ^F and o*i jjlF respectively. The values of these com- 
ponents must be accurately known, and if the bridge is to have any 
pretensions to accuracy and reliability good quality components 
having values within 4 : 3 per cent of their ratings must be used. 
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The total value of the balancing potentiometer R5 has no effect 
on the accuracy, and it is only necessary that the ratio of the two halves 
be the same in different potentiometers for all positions of the slider 
in order to permit a printed scale to be used. This requirement is 
met quite well when a uniformly wire-wound potentiometer is used, 
and although the accuracy may suffer slightly through the absence of 
individual calibration, this is the inevitable price which must be paid 
for avoiding the trouble of calibration. 

Constructionally, the components are all secured to a wooden 
panel which forms the lid of a shallow bos, and to which the scale 
printed in Fig. A. 3. 3 may be pasted. The only non-standard part 
employed is the pointer, which is best cut from a strip of brass and 
screwed to the control knob by two SBA screws. Holes must be 
drilled and tapped in the knob to receive these scre\!^^, and some 
care is needed in carrying out this operation, for the bakelite is apt 
to crumble somewhat. 

A source of alternating current is necessary to energize the bridge. 
A.C. mains are not suitable, and the simplest arrangement is to use 
a buzzer, connecting Rg across the coil of the buzzer. The writer 
must confess, however, to a dislike of buzzers on account of their 
unreliability and their mechanical noise. Cheap buzzers are very 
troublesome, being difficult to start buzzing properly and liable at 
any moment to cease work. Good reliable buzzers usually cost as 
much as a valve oscillator and suffer from the disadvantage that the 
direct noise often renders it difficult to distinguish the exact balance 
point in the phones. 

In the writer’s experience a valve oscillator is the best, since it 
is both reliable and silent, and it is is not unduly expensive. The 
circuit of a suitable oscillator is given in the upper part of Fig. A.3.2. 
It can be built separately from the bridge if required or the whole 
can form a single unit. A single valve is used as a Hartley oscillator 
with a 3-H choke tuned by a o*oi juF capacitor Ci. Almost any 
valve will function and a triode of some 20 kl2 a.c. resistance is most 
suitable. It is convenient to choose a valve with a i‘4-V o*o5-A 
filament and to operate it from a single dry cell. There are few 
triodes in this range but a pentode such as the DF92 with screen grid 
joined to anode is suitable. Two g-V batteries are suitable for h.t. 
An on-off switch Si is provided, and a pilot lamp to give warning that 
the oscillator is on and so remind one to switch it off when it is no 
longer being used. 

In order to reduce the load of the bridge on the oscillator and pre- 
vent wide variations in frequency and amplitude with different 
capacitances, a 50,000-0 resistance, R2> is joined in one of the bridge 
input leads. If a buzzer is used for energizing the bridge it may 
prove necessary to short-circxiit this resistance. A pair of high-resistance 
phones must be used, and with nothing connected to the X ” 
terminals the osdUator note should be quite loud. The capacitor or 
resistor to be measured should be connected to the “ X tem^als 
and the switches S2S8 set appropriately. The balance point will be 
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found to be quite definite, although complete extinction of the note 
may not always be obtained. The minimum, howev^er, is so definite 
that it cannot be mistaken ; it is not obscured by oscillator harmonics. 

The reason why a null-point is not always obtained is that no 
provision is made for balancing out the effect of any resistance in the 
capacitor being tested nor for balancing out the effect of capacitance 
in the resistor being measured. Normally, these effects are small 
with good components, and the extra complication to the bridge and 
its operation is not worth while. If it be found, therefore, that with 
a particular component a bad balance is secured, it is possible that, 
if a capacitor, it has a bad power factor, or if a resistor, it has a high 
self- capacitance . 

It must be remembered that the reading of capacitance obtained 
includes the self-capacitance of the bridge and connecting leads. This 
can readily be determined by balancing the bridge for capacitance 
with nothing connected to the X ” terminals, and was about 30 pF 
for the original instrument. In order to obtain the true capacitance 
of a capacitor, therefore, this figure must be deducted from the 
reading obtained. This correction is unimportant for capacitances 
higher than 1,000 pF. 

Even when no attempt at individual calibration is made, and the 
printed scale is used, care must be taken to set the pointer correctly. 
This may, of course, be done by the end marks which indicate the 
limits of travel of the pointer, but for the greatest accuracy it would 
be wise to obtain a i,ooo-J2 resistance within ± i per cent (such 
resistances are not expensive) and to balance the bridge with this 
resistance connected to the “ X terminals. Leaving the bridge 
balanced, set the pointer to read exactly 1,000. 

It may be remarked that no earth coimection must be used on any 
point of the bridge or oscillator. The capacitor or resistor under test 
must be disconnected from other gear, otherwise appreciable errors 
may be introduced. 

Any good quality components may be used, but the scale of 
Fig. A.3.3 will be reasonably accurate only if the potentiometer is of 
the kind used originally. This is the Reliance Type TW linear 
wire- wound potentiometer. 

The bridge was originally described in Wireless Worlds Dec. 20th, 
1935, but has been modified somewhat in the description given here 
to t^e advantage of newer valves and switches. S2 and S3 are 
conveniently two single-pole four-way wafer plates and the coil L 
is the Varley 3-H tapped choke Type DP18. 
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Absorption wavemeter, An, 139 
A.C. D.C. sets, Hum in, 42 
A.C. voltage measurements, 17 
Acoustic feed-back, 131, 196 
Aerials, 209 

— Anti-interference, 87, 210 

— Feeder, 212, 282 

— Reflector, 314, 282 

— Resonant, 212, 282 

— Screened lead-in, 209 

— Short-wave, 21 1, 282 
Aerial couplings, 

— Large primar\% 99, 140 

— Small primary, 99 

A.F. amplifier, Voltage checking, 
20 

A.F.C., 215 

A.G.C., D.C. amplified, 173 
defects, 176 

— Delayed diode system, 167 

— I.F. amplified, 175 

— in S.W. sets, 186 

— Q.A.G.C., 17s 

— with metal rectifier, 175 
Amplifiers, 

— Class A, 70 

— Class AB, 71 

— Class B, 71 
Amplitude distortion, 69 
Anode bend detection, 77 

A. V.C., see A.G.C. 

Automatic frequency control, see 

A.F.C. 

— tuning control, see A.F.C. 

— volume control, see A.G.C, 

Baffles, 198 

Battery connections colour code, 
287 

Beat-frequency oscillator, 185 
Beat interference, 137 

B. F.O., 185 

Box resonance, 199 
Bridge, Capacitance and Resis- 
tance, 288 

— Inductance, 5 


Cabinet resonance, 199 
Capacitance bridge, 5 

— and resistance bridge, 288 
Capacitance, Instabilin^ due to, 

Cathode bias, iS 

— biasing resistors, 10 
Cathode-ray test gear, 7, 266 
Centring speaker cones, 197 
Colour codes, 285 
Common circuit constants, 274 

— impedance, Instabilitv due to, 

56 

Communication sets, 185 
Connections, Loose, 81 
Continuing testing, 22 
Converters, S.W., 191 
Copper wire tables, 383 
Counterpoise, 210 
Cross-modulation in S.W. sets, 
184 

Crystal filters, 187 
Current measurements, 13 

Dead spots in S.W. sets, 183 
Decoupling, 48 
Detector, Anode bend, 77 
— Diode, 77 
— Distortion, 76 
— Grid, 75 
Discriminator 
— , Amplitude, 219 
— , Phase, 223 
Distortion, Amplitude, 69 
— , Detector, 76 
— , Frequency, 65 
— , R.F. and LF., 79 

Earth, 208 

Extension loud speaker, 203 

Feed-back, Acoustic, 13 1, 196 

— from a.f. circuits, 61 
— I.F. harmonic, 138, 143 

— in television apparatus, 265 

— modulation by a.f ., 53 
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Feeders, Aerial, 212 
Filters, Crystal, 187 
Focus, Television 262 
Formulas, Useful, 277 
Frequency-changers, 146 
— , Heptode, 149 
— , Octode, 149 
— , One- valve, 147 
— , Triode-heptode, 150 
— , Triode-hexode, 150 
— , Two- valve, 146 
Frequency control circuit, 215 

— Distortion, 65 

— modulated oscillator, 270 

— stability, 152, 157 

Ganging, Straight Sets, 91 

— Defects, 97 

— with capacitance and in- 
ductance trimmers, 10 1 

— on long waves, 94 

— on medium waves, 93 
Ganging, Superheterodynes, 115 
with capacitance and in- 
ductance trimmers, 124 

padding system, 1 1 7 

shaped-plate capacitor, 123 

LF. amplifier, 104 

Gramophone pick-up, 205, 253 
Grid detectors, 75 

Harmonics, .I.F, .137, 143 

— Oscillator, 138 
Heater, Circuits, 64 

Cathode insulation, 21, 25 

Heptode, 149 
Hexode, 149 
Howl, Threshold, 182 
Hum in a.c./d.c. sets, 42 

— in a.f. stage, 37 

— Electric pick-up, 38, 39 
— , Filament supply, 34 
— , Gramophone, 40, 41 
— , Grid bias, 34 

— , Loudspeaker, 31 
— , Modulation, 43 
— , Output stage, 33 
— , Pick-up in a.L transformer, 

^36 

— , Quick tests for, 40 


Hum, in r.f. stage, 39 
— , Screen supply, 35 
— , Valve 37 

I.F. amplifier adjustments, 104 

— A.G.C. system, 112 

— Estimating value of, 145 

— harmonic feed-back, 138 

— harmonic interference, 137, 

143 . . n 

— over-coupled circuits, 108 

— pick-up, 140 

— variable selectivity, 117 
Image interference, 136 
Impedance matching, 200, 212 
Inductance, Bridge, 5 

— trimmers, loi, 124 
Instability, Capacitance coup- 
lings, 56, 58 

— Heater circuits, 64 

— Impedance coupling, 56 

— Magnetic coupling, 57 

— R.F. in a.f. circuits, 61 

— Sources of, 55 

— Stabilizing, 59 

— Variation with tuning, 55 
Insulation, Valve heater-cathode, 

21, 25 

Interference, Beat, 137 

— LF. harmonic, 137 

— I.F. pick-up, 140 

— Image, 136 

— Local, 84 

— Man-made static, 84 

— Noise, 81 

— Oscillator harmonic, 138 

— Parasitic oscillation, 82 

— Screened lead-in, 87 

— Second channel, 136 

— Silencing electric motors, 89 

— Superheterodyne whistles, 136 

— Suppressors, 89 

— Television, 265 

— Thermal agitation, 81 

— Thermostats, 89 

— Whistles, 129, 136 
Interlacing, in television, 264 

Leaky coupling capacitor, 31 
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Local- Distance switch, 79 
Local interference, 84 
Loose connection, 81 
Loudspeakers, 197 

— Baffles, 198 

— Box resonance, 199 

— Centring cones, 197 

— Extension, 203 

— Mains hum in, 3 1 

— Matching to valve, 200 

Magnetic coupling, Instability 
due to, 57 

Mains equipment, 17 

— hum, see Hum 
Man-made static, 84 
Matching ganged capacitors, 100 

— Impedance, 200, 212 

— Speaker and valve, 200 
Measurements, Capacitance, 288 

— Continuity, 4 

— Current, 13 

— Inductance, 5 

— Mutual conductance, 27 

— Resistance, 288 

— Voltage, 9 

Metal rectifiers, A.G.C. with, 177 
Meter-readings, Interpretation 
of, 16 

— Tests, a.c. voltage, 17 

— Low mains voltage, 16 
Meter- readings. Low volts, high 

current, 18 

— Low volts, low current, 18 
Meters, Constructing, i 

— Ohmmeter, 4 

— Milliammeter, 3 

— Voltmeter, 2 
Microphones, 206 
Microphony, 25, 131, 194 
Milliammeter, 3 

— as tuning in^cator, 95 

— Constructing a multi-range, 3 

— Using the, 13 
Mixers, 146 
Modulation hum, 43 
Motor-boating, A.F., 47 ^ 

A.G.C., 53 

— modulation, 53 

— R.F., 53 


^lotors. Silencing, 89 

Muting, 177 

Mutual conductance, 27 

Negath'e feedback, 242 
Neutralizing, 251 
Noise, Hiss, 81 

— Local interference, 84 

— Loose connections. Si 

— IMan-made static, 84 

— Parasitic oscillation, 82 

— Thermal agitation, 81 

— Valve, 81 

Octode, 149 
Ohmmeter, 4 
Oscillation, see Instability 

— Parasitic, 82 
Oscillators, 152 

— Amplitude of, 155 

— beat frequency, 185 

— coil connections, 154 

— frequency stability, 157 

— test, 5 
Output meter, 7 

— transformer, 201 

Paraphase amplifiers, 236 
Parasitic oscillation 

— in a.f, stages, 73 

— in oscillators, 83 

— in push-pull, 240 

— in r.f. stages, 82 
Pentode, R.C. coupled, 71 
Pulling, 193 

Push-pull amplifiers, 226 

— Bias in, 228 

— Decoupling in, 229, 237 

— Parasitic oscillation, 240 

— Phase-splitters, 232 

— Resistance- coupled, 230 

— Transformer-coupled, 227 

QA.G.G, 175 
Q.P.P., 71 

Reactance valve, 216 
Reaction, 250 

— in s.w. sets, 18 1 



INDEX 


Resistance bridge, 5 

— colour code, 285 

— testing, 22 
Resonance, Box, 199 
Resonant aerials, 21 1, 282 

Screen currents, 22 
Screened lead-in, 87 
Second-channel interference, 136 
Selectivity, Variable, 109 
Short-wave Aerials, 21 1, 282 

— Conditions, 178 

— Converters, 191 

— Cross-modulation, 184 

— Dead spots, 183 

— Receivers, 178 

— Sets, Choosing a detector, 180 

— Threshold howl, 182 
Signal generators, 7 
Signal-noise ratio, 207 
Silencing electric motors, 89 
Stabilizing receivers, 58 
Standard symbols, 276 
Superheterodyne, ganging, 115 

— Whistles, 136 
Switching, Waveband, 23 
Synchronization, 260 
Television, 257 

— Definition in, 264 

— faults, 259 

— focus, 262 

— Ghost image, 264 

— interference, 264 

— interlacing, 261 

— power supply, 258 

— scan distortion, 260 

— synchronizing, 261 
Test oscillators, 5 
Thermal agitation, 81 
Thermostats, 89 
Threshold howl, 182 
Tone control, 68, 255 
Tools, I 


Transformers, 

— distortion, 201 

— ratio, 200 
Transposed feeder, 88 
Trimming if. amplifiers, 104 
Triode-heptode, 150 
Triode-hexode, 150 
Tuning control, A.F.C., 215 
Tweeters, 201 

Ultra short waves, 195 
Useful formulae, 277 

Valve adaptors, 14 

— heater-cathode insulation, 21, 

25 

— Hum, 37 

— Noise, 25, 81 

— Variable-mu, ii 
Variable selectivity, 109 
Ventilation, 159 

Vibrating capacitor vanes, 13 1, 
194 

Visual circuit alignment, 270 
Voltage measurements, 9 
Voltmeter, i 

— Constructing a multi-range, 2 

Waveband switching, 23 
Wavemeter, Absorption, 139 
Wavetraps, Adjusting, 126 
Whistles, A.F., 129 

— Filters, 132 

— Fixed, 129 

— Inter-station, 132 

— Microphonic, 1 3 1 

— Superheterodyne, 136 

— Variable intensity, 132 

— Variable pitch, 136 
Wire tables, 283 

Wireless World capacitance and 
resistance bridge, 288 
Wobbulators, 270 
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PERMANENT MAGNET 
V LOUDSPEAKERS 

N. from TH' to 18 " 




I TRANSFORMERS 

V^bW VALVEHOLDERS 
AMPLIFIERS 
\ ETC. 

Full details on request 


WHITELEY ELECTRICAL RADIO CO. LTD 


MANSFIELD 


NOTTS 


VALVE Characteristic Meter 


An all A,C. operated valve character-t 
istic tester -which will produce any 
characteristic cur\’es for standard re- 
ceimg or small transmitting valves 
for any desired set of D.C, electrode 
voltages. Regulation inaccuracies 
associated with D.C. working are 
eliminated. Fitted with the standard 
“Avo’* multiple selector switch and 
valve holders covering all the latest 
valve developments. A polarised relay 
protects the instrument. lUuminated 
movement facilitates reading. ^ 






Complete Valve Charactefistics including la/Va, 
la/Vg, !a/Vs. Amplification Factor, Anode A.C. 
Resistance, 4 ranges of Mutual Conductance 
covering mA/V figures up to 25fr!A/V at bias 
valves up to —tOOV., together with " Gccd/6ad" 
comparison test on coloured scale against rated 
figures. 

“Gas*^ test for indicating presence and magnitude 
of grid current, inter-electrode insulation hot and 
cold directly indicated in megohms, separate 
cathode-to -heater insulation with valve hot. 
Tests Rectifying and Signal Diode Valves under 
reservoir load conditions, and covers all the beater 
voltages up to 126 V. 

OPEHATES ON: 100^I30V. and 200- 
260V., 50-60 c,s. A.C. 

.Size: l8"xl3^<IIy^ Weight: 40Ib. 


The New "AVO" 
VALVE DATA 
MANUAL 

is supplied free with 
this instrument* it is 
the most comprehen- 
sive quick-reference 
valve data book ever 
produced* Copies 
may be purchased 
separately, fSj-, post 


Sole Proprietors and Manufacturers : 

THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD. 

Winder House, Douglas Street, London, S.W.1. Telephone : Victoria 3404-9 
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WHICH or THESE IS 
YOUR PET SUBJECT? 

General Radio Engineering. Radio Servicing, Maintenance 


Television. 

High-Frequency Engineering. 
Sound Film 

Projection Engineering. 
General Electrical Engineering. 
Telegraphy. 


and Repairs* 
Electronic Engineering, 
Ultra Short-Wave 

Communications. 
Electrical Installations. 

Telephony, 


We have courses in practically every Technical subject 
including Mechanical, Aeronautical, Civil and Automobile 
Engineering, etc., etc. State your particular requirements. 

One of these qualifications would increase 
your earning-power. WHICH ONE ? 

A.M.S.E. A.M.I.Brit.l.R.E. . B.Sc. 

City and Guilds A.M.I.Mech.E. R.T.E.B. Cert. 

The Radio and Television Industry is alive with possibilities — especially to 
the qualified man. Whatever may be your interest in Radio, Television, or 
allied subjects, you should not miss reading the unique 176-page Handbook 
“ ENGINEERING OPPORTUNITIES ’* which tells you the easiest way to 
get some valuable letters after your name and describes the widest range of 
Home Study Courses in all branches of Engineering. 


B.Sc. 

R.T.E.B. Cert. 



We guarantee 

NO PASS -NO FEE 


176 

PAGES 

tpee! 


If you are earning less than £10 per 
week let “ ENGINEERING OPPOR- 
TUNITIES show you how to carve 
out a successful career in your chosen 
branch of Engineering, irrespective of 
your age, education or experience. 
This helpful book tells you everything 
you want to know to secure your future 
and describes many chances you are 
now missing. In your own interest 
write for your copy of “ ENGINEER- 
ING OPPORTUNITIES” NOW— 
FREE and without obligation. 


P BRITISH INSTITUTE OF 

ENGINEERING TECHNOLOGY 

127 SHAKESPEARE HOUSE, 17/19 STRATFORD 
PLACE, LONDON, W.I 
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THE FIRST 

_ ; ENTIRELY ELECTRONIC 

INSTRUMENT FOR 
ji TELEVISION ALIGNMENT 

' i AND LINEARITY CHECKS 


^ossou 

r-Check, 


The Television Alignment and 
Pattern Generator is an inexpen- 
sive instrument designed by Cossor 
to provide a simple, efficient and 
much needed aid to television 
receiver alignment. The tuning sweep of T 

the alignment oscillator is achieved by ^ earner frequency 

frequency modulation of its carrier lo mc^s (on funda-^ 

which can be set to any frequency mental). Continuously variable. 

between 7 and 70 mc/s. A response ★ Frequency mo^lation up to 7 

curve of 7 mc/s bandwidth is present^ ^ ^4,,/ Modulation for 

on the tube of any standard oscillograph, linearity check of Tinw Bases. 

the time base voltage providing the Frequency 400 c.p.^.iHorizontai); 

frequency modulation. a. ^ v ' 

The instrument also incorporates a mum 25 microvolts. Standard 80 

Pattern Generator which enables frame ohm output impedance. 

and line Time Base linearity checks to 
be carried out in the absence of Tele- 
vision transmission. Compact, easily 
portable — weight under 14 lbs. 

Write for fully descriptive leaflet to : — 

A. C. COSSOR LTD., INSTRUMENT DIV„ COSSOR HOUSE, HIGHBURY, LONDON, H.5 




FOR TELECOMMUNICATION, ELECTRONIC 
AND GENERAL ELECTRICAL WORK 

ACTIVATED 
ROSI N 
CORED 
SOLDER 



Outstanding 

^ Chemically activated rosin 
core ensures a high degree of 
*‘WETTiNG*\ 

2 Allows more MODERATE 
soldering iron BIT TEMPERA- 
TURES and minimises the risk 
of physical damage and alteration 
to the electrical values of small 
pre-calibrated components- such 
as Capacitors, Resistors, Coil 
Windings, Relay Spring Sets, etc. 

3 Ensures complete mechanical 
bonding of joint metals, maintain- 
ing PERFECTELECTRICAL 
CONDUCTIVITY. 


Characteristics : — 

4 REDUCES to a minimum the 
SOLDER required per joint and 
cuts down waste. 

5 Residue is NON-CORROSIVE, 
solidifies to a semi-transparent 
film of HIGH DIELECTRIC 
STRENGTH, is non-hygroscopic 
and unaffected under tropical 
conditions. 

6 The heating of the activated 
rosin core does not cause any 
deleterious fume deposits. 


Where a separate flux is desirable use 
‘^Telecene*’ Liquid Activated Rosin Based Flux 


"Superspeed** Cored Solder 
and Liquid Activated Rosin Based 
Flux conform to British Post 
Office and Air Ministry Specifi- 
cations. 


" Superspeed *’ Cored Solder is 
supplied in a wide range of gauges 
and alloys, on I -lb. and 7-lb. reels, 
in Works Coils or as required. 
Prices on application. 


So/e Monufocturers ; H. J. ENTHOVEN & SONS LTD. 
89 UPPER THAMES STREET. LONDON. E.C.4 

Telephone: MANsion House 4533 Telegrams: Enthoven, Phone, London 

Works: Croydon, Rotherhithe and Derbyshire 
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PAPER, MICA, CERAMIC 
AND ELECTROLYTIC 
CONDENSERS FOR ALL 
RADIO, TELEVISION 
& ELECTRONIC APPLICATIONS 


PRE-EMINENT IN 

RADIO 

INDISPENSABLE IN 

TELEVISION 



THE TELEGRAPH CONDENSER CO. LTD 

RADIO DIVISION • NORTH ACTON • LONDON W3 * Tel: ACORN 0061 
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IMMEDIATE DELIVERY 

OF 

T.C.C. Capacitors 
Tungsram Valves 

"Erie" Resistors and Volume Controls 
B.A. Sizes Brass Screws, etc. 
Soldering Irons and Spares 
and all the necessities 
for Radio Servicing 

ALSO FOR SUPPLIES OF 
ALL MATERIALS FOR 
THE VIEW MASTER and 
ELECTRONIC ENGINEERING 
TELEVISORS 

SEND FOR. OUR LIST (TRADE ONLY) 

A.W.F. RADIO PRODUCTS 

11 PARK VIEW ROAD, BRADFORD, YORKS 

Teltphons 41854 


LISTEN 
TO THE 
FINEST 
QUALITY 
IN THE 
WORLD 

with 

VORTEXION 

OUTPUT TRANSFORMERS 

MAINS TRANSFORMERS 
CHOKES, ETC. 


VORTEXION LIMITED 

257/261 The Broadway, Wimbledon, London, S,W.19 
Telephones.: LIBerty 2814 and 6242-3 
Telegrams : " Vortexion, Wimble, London '' 
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CRYSTAL PICK-UPS 

G.P.20* A high fidelity pick-up with inter- 
changeable clip-on heads for standard or long- 
playing records. Automatic bass-boost ; no 
equaliser required. Needle talk and motor 
rumble negligible. Flexible permanent stylus 
eliminates record wear. Unbreakable, non-hy- 
groscopic crystal element. Range 30-10,000 cps. 
Output (Standard Head) ^ volt ; (Long-playing 
Head) ^ volt at 1,000 cps. Extremely low 
needle pressure — 13 grams with Standard 
Head, 7 grams with Long-playing Head. 

Other crystal type pick-ups available. 

MAGNETIC PICK-UPS 

TYPE G.P.6. Good performance with 
exceptionally robust construction : range 100- 
4,500 cps. 

TYPE G.P.7. Pick-up Head for replacing 
sound box of acoustic microphones. Same 
characteristics as G.P.6, 

P.A. MICROPHONES 

High fidelity instruments- which are also 
appropriate for recording technique and 
for keen amateurs. 

TYPE MEC 22. Incorporates sensitive 
‘Filtercel* insert; substantially flat response 
from 40-6,000 cps. 

TYPE MIC 16. Incorporates a floating 
sound-cell unit; flat response from 30-10,000 
cps. 

VIBRATION PICK-UPS 

TYPE V.P.I. For use with musical instru- 
ments— guitar violin, etc. Wide frequency 
range Output .05 to , 1 volt. Size 2*^ x f x 
Supplied with 20 ft. cable. 





COMPLETE LISTS GLADLY SUPPLIED ON REQUEST 

COSMOCORD LTD., ENFIELD, MIDDLESEX 
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Experienced constructors who read a circuit like 
a book can recognise its outstanding features at a 
glance. And whatever the circuit, they will remem- 
ber it is all the better for using MuUard Valves. 

Mullard 

The Master Valve 


MULLARD ELECTRONIC PRODUCTS LIMITED 
E N T U R Y HOUSE. SHAFTEISBURY AVENUE, W.C.^ 
' — 
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ill! These books are selected from the extensive range of 

ii technical books published by Associated Iliffe Press. 

|i Please send for full list. 

“ The Autocar ” Handbook : A Complete Guide to the I 

Modem Car. By “ The. iutocar" Technical Staff. zothEdition. j 

5f. net. By post 5s. 2d. | 

Auto'mobile Electrical Equipment. Mh Edition. j 

I'i By A. P. Young. M.I.E.E.t M.I.M€ch.E.y and L. Griffiths, 

j M.l.Mech.E., A.MJ.E.E. 25s. net. By post 25^. 8d. I 

A Racing Motorist 

Peace and War, 

By S, C. H. Davis. 10s. 6d. net. By post los. lid. 

The Modern Diesel : High-speed Compression-Ignition 
Oil Engines and their Fuel Injection Systems. 

j| Edited by G. Geoffirey Smith. M.B.E, Revised atid re-ivritten by 

Donald H. Smith, MJ.Mech.E., Assoc.Inst.T. nth Edition. 

75. 6d. net. By post 75. lod. 

Prevention of Iron and Steel Corrosion : Processes and 
Published Specifications. 

By C. Dinsdale, M.Sc., F.l.M. $5. net. By post 5s. 2d. 

j Gas Turbines and Jet Propulsion, sth Edition. 

By G. Geoffrey Smith, M.B.E. 21s. od. net. By post zis. yd. 

I Photographers and the Law, 

By David Charles, E.R.P.S, Is. 6d. net. By post 7 s. lOd. 

The Complete Amateur Photographer, oick Boer. 

Edited by A. L. M. Sowerby, B.A., M.Sc., F.RJ>.S. 

215. od. net. By post zis. Sd. 

BiQGHTHi Photography for Beginners. 

By David Charles, F.R.P.S. 6s. od. net. By post 6s. 4 d. 

Mechanics for the Home Student. By Eric n. Simons in 

association vcith W. D. Burnet, B.Eng. 75. 6d. net. By post ys, lod, 

Phenol|<? Resi^j'S ; Ttioh Chemistry and Technology. 

P. R^tsgheh, A.PJ,.^^ and A. Lezoin, JB.Sc., A.R.I,C., A.P.I. 

305. od. net. By post 20s. Sd. 

Yacht RiAaNG : A Textbook of the Sport. Edition. 

By B. HeckstaU-Smith. Revised and barged by G. Sambrooke 
Stw^es^. 21S. od, net. By post 215. yd. 

I Motor Cycles and How to Manage Them. 

I By “ The Motor Cycle ” Staff. 45, 6d. net. By post 45. lod. 



: His Adventures at the Wheel in | 



Obtainable at all booksellers or direct from : 

DORSET' HOUSE, STAMFORD* STREET, LONDON, S.E.i 
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requiring the 
minimum 
of service 



LOUDSPEAKERS 

MICROPHOHES 

VITAVOX LIMITED 

WESTMORELAND ROAD 
LONDON, N.W.9 
Tdephone: COLindale 8671-2-3 
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SUP|ERIOR 

TEST INSTRUMENTS 


for Radio Servicing 



ALL PURPOSE TESTER 

A.C./D.C. multi-range meter 
with robust plug and socket 
range selection. 


SERVICE VALVE TESTER 

D.C. potentials on control 
grid, screen and anode. The 
best valve fault-finder. 


3-RANGE ELECTROSTATIC 
VOLTMETER for Television 
Service 

A.C. or D.C. voltages, 2*5, 5 
and 10 kV. 


HUM METROHM 

500 V, insulation tester with low 
resistance range, (1*5 ohm 
half scale.) 


THERMIONIC VALVE 
DEMONSTRATION 
PANEL, STANDARD MODEL (Dliis.) 

9 moving coil indicators give simultaneous readings ojf VOLTAGE and 
CURRENT. Continuouslv variable potentials available for Heater 
(A.C.), Control Grid (D.C.), Screen (D.C.) and Anode (D.C.); Termi- 
nals in each circuit allow external circuit elements to be introduced. 



Makers of Electrical Instruments^ indicating, recording and con-^ 
trolling ; Photometric apparatus: process controls. 

COLIND&LE WORKS. LONDON. N.W.9. TEL: COLindale 6045 


DHB 
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^ ^^INGSWAY* W.C.2. 
THE GENERAL ELECTRIC CO, LTD„ MAGNET HOUSE. 
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Cyril French 

• LOUDSPEAKERS 

• TRANSFORMERS 
• VALVEHOLDERS 

• PLUGS & SOCKETS 

• CELESTION 

The Foremost Name in Sound Reproduction 

• McMURDO 

The Most Reliable Valveholders 

•ROLA 

The Speaker you know by Ear 

Sole Distributors: 

Cyril French 

HIGH STREET, HAMPTON WICK, KINGSTON-ON-THAMES 

Telephone: KINgston 2240 





EDiSWAN MAZDA TUBES AND VALVES - B.T.H. 
SPEAKERS AND PICK-UPS • B.E.C. CAPACITORS 
MORGANITE RESISTORS 

EDISWaN 

The Edison Swan Electric Go. Ltd., 155 Charing Gross Rd., London, W.C.2 

Branches in all principal towns 

KA22X 
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ACRU NEON INDICATORS 


ARE 1009^. RELIABLE 


For all voltages from 50-440 


4 different 
colours of 
domes 






min. life : 
25,000 hours 


Write for descriptive leaflet 


ACRU ELECTRIC TOOL MFC. CO. LTD. 

123 HYDE ROAD, ARDWICK 

AAANCHESTER 12 




COMPONENTS “ 

FOR THE SERVICE MAN 

A wide range of Variable Condensers, Drives and parts, 
all manufactured to the highest standards of precision 
engineering, are now available. Send for Catalogue S.M.I. 


Illustrated : The S1.8 Spin wheel JACKS O N 
drive, giving easy control through a • ** 

ratio 24-L BROS. (LONDON) LIMITED 

Kingsway, Waddon, Surrey. Phone; Croydon 2754^5, Grams : * WsJfitcOf Souphone, London * 






"BELLINfi-LEE" CONNECTORS 



ILLUSTRATIONS SHOW 


I. I X Fuses LI 055 also “ Minifuse” 2. Twin safety fusehoider LI 033/C4 
3. Co-axial plug L642/P. and socket 4 . High leakage resistance (2 x lO^MQ 
L.604/S terminal 

5 and 6. Screened, lightweight connectors for co-axial, 2 and Score screened cables 

Publication P,347/RL illustrates many other 
** BeiUng'^Lee ” components and will be sent on request 


BELLING & LEE LTD 

CAMBRIDGE ARTERIAL RD.. ENFIELD, MIDDX., ENGLAND 
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ASSOCIATED 

IlIFFE 

TECHNICAL BOOKS 


The books listed below are usually obtainable 
at all booksellers. In case of difficulty, please 
write to; The Publishing Dept., Dorset House, 
Stamford Street, London, S.E.l, Complete list 
of radio and television books sent on application. 


FOUNDATIONS OF WIRELESS. 5th Edition. By M. G. Scroggie, 
B.sc., M.T.E.E. Explains the principles on which the design and operation 
of modern receivers are based, and also covers the elementary principles 
of transmitters. In preparation. 

RADIO VALVE DATA: Characteristics of over 1,600 Receiving 
Valves. Compiled by the staff of “ Wireless World.” Gives the main 
electrical characteristics for normal operating conditions, arranged in 
tabular form, with diagrams showing base connections. 

80 pp. 35’. 6d. net. By post, 35. 9d. 

RADIO DATA CHARTS. 5th Edition. By R. T. Beatty, m.a., 
B.E., D.SC., revised by J. Me G. Sowerby, b.a., m.i.e.e. A collection 
of 43 abacs, or nomograms, providing most of the data required for 
the design of radio receivers. 

91 pp. Is. 6d. net. By post. Is. Wd. 

RADIO CIRCUITS: Step-by-Step Survey of Superhet Receivers. 
Zrd Edition. By W. E. Miller, m.a., m.brit.i.r.e. Although this work 
deals primarily with the superheterodyne receiver, it is equally applic- 
able to the straight set, A superhet circuit is dealt with section by 
section up to the complete receiver. 112 pp. 5s. net. By post, 5s. 4d. 

HIGH-QUALITY AUDIO AMPLIFIERS. A reprint of articles 
from “ Wireless World ” describing some popular circuits. 

20 pp. Is. 6d. net. By post. Is. 2id. 

BASIC MATHEMATICS FOR RADIO-STUDENTS. 2nd Edition. 
By F. M. Colebrook, b.sc., d.i.c,, a.c.g.i. Presents the whole subject 
in an easily understandable and interesting form. The author deals 
first in a general manner with the fundamental mathematical processes 
that are the foundation of all applied science, and then discusses the 
application of mathematical ideas to radio problems. 

298 pp. IO 5 . 6d. net. By post, IO 5 , Wd. 

THE WILLIAMSON AMPLIFIER. A collection of all the articles 
on ‘^Design for a High-Quality Amplifier,” by D. T. N. Williamson 
which have appeared in Wireless World. Includes details of the 
ancillary circuits recommended for high-quality reproduction of records 
and radio programmes. 

32 pp. 3s. 6d, net. By post, 3s. 9d. 
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a new departure in 
OSCILLOSCOPE DESIGN 

compfetril LrtWrT^-^^"'^^' couplers to instantaneously 
complete ail electrical circuits. Provides a rlsld ass^^mhiv 

resea°rchTn°i* j and constructed for the 

from D C to" R^F.^ 'ndustrial user, it covers every need 

Type IS. C.R.T. Unit, 6 in. tube, self-contained shift supplies 

"P"- ^^®®P e^cpansion. 
^tomatic synchronizing, P.P. deflection, single or 
triggered SNveep. * 

2S (cathode follower input) or 

os "“=■• “ 

A/so ava/7aWe:-D.C. Amplifiers, medium and high gain. 
Extra low frequency time base. Circular or spiral heptode 
time base. Voltage calibrator. ^ 

Full details on request 


UNIT 


LYDIATE 



LABORATORIES 


I-ydiate Ash * Nr. Bromsgrove * Worcftstershire 





A COMPREHENSIVE 
TRANSFORMER & CHOKE . 

SERVICE I 


OVER 200 TYPES AVAILABLE 
FOR IMMEDIATE DELIVERY 


As a result of more than 20 years specialisat , 
Partridge have built up a range of transformer 
and chokes which covers every requirement tor 
servicing of radio and television receivers. ' 

ever your need, be guided by the experts they 
almost invariably specify ‘ Partndge —so as to 
make sure of unquestioned reliability. 




PARTRIDGE 

T/iANSFORMERS LTD 


Roebuck Road, To! worth, Surrey 
Elmbridge 6731 jS 



RADIO 

SERVICING 

EQUIPMENT 

B.P.L. Super Rangers 

(as illustrated) 

B.P.L. Signal Generators 
B.P.L. Universal Bridge 
B.P.L. Wobbulators 
B.P.L. Voltascope 



Write for detaih to 

BRITISH PHYSICAL LABORATORIES 

HOUSEBOAT WOBES. BADLETT. HEBTS 

Telephone s RADLETT 5B74-5-fi 
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BULLERS LTD., 6 Laurence Pountney HSII, London, E.C.4 

Phone: Mansion House 9971 (3 lines). Telegrams: “Bullers, Cannon. London.’* 



Keep in touch with the 
latest developments in 


RADIO, TELEVISION 
AND ELECTRONICS 


The Journal for Manufacturers^ 

Designers and Technicians 

Wireless World is Britain’s leading tech- 
nical magazine in the general field of 
radio, television and electronics. It pro- 
vides a complete and accurate survey of 
the newest technique in design and manu- 
facture, and covers every phase of the 
radio and allied industries, with reviews 
of equipment, broadcast receivers and 
components. 

Monthly 2s. Annual Subscription £1 7s. 


Ite$ear^ 

and Progress 

Wireless Engineer is read by research 
engineers, designers and students, and is 
accepted internationally as a source of 
information for advanced workers; only 
original work is published. Regular 
features include patent specifications and 
abstracts and references compiled by the 
Radio Research Board. 

Monthly 3) Annual Subscription £2 45 . 6d. 


jji - enquiries regarding subscriptions should be forwarded to . 

ILIFFE The Publishing Dept., iUffe & Sons Ltd. 

»U»l.JCATIONS m m ' 

m "’*1 Dorset House, Stamford Street, London, S.E.1 
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